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PREFACE.
The investigations forming the subject of this bulletin were
undertaken during the past two grinding seasons and the sum-
mer of 1907. They were brought on by a conference h^l^ in
Washington, D. C, on October 30, 1906, between representatives
of the Louisiana sugar industry and the authorities charged with
the enforcement of the Food and Drugs Act, in regard to the
use of certain chemicals employed in the manufacture of sugar
products. Dr. Wiley, at that time, objected mainly to the use
of sulphur fumes, but stated that this process would probably
be permissible if the percentage of sulphur as sulphites in the
final products did not exceed 350 milligrams per kilo or 0.035
per cent. This necessitated a thorough study of the sulphitation
process with the view of finding out how much sulphur dioxide
is left in the final products, if a certain quantity of sulphur be
used for -clarification, and how it will be possible to keep within
the limit indicated by Dr. Wiley. At the same time the use of
other clarifying agents was studied from a similar standpoint.
Further hearings were held in Washington with the ob-
ject of securing a. definite ruling on these points. Finally,
Food Inspection Decision No. 76 was rendered, restricting the
percentage of sulphur dioxide to 350 milligrams per kilo. But
this decision has not been enforced so far, having been sus-
pended by action of the President of the United States. A
board of five has been appointed, selected from chemical and
medical experts of leading scientific institutions in the country,
to render their opinion on the questions involved. The data
collected by our investigations give a definite idea of the com-
position of our products as made with the proper use of the
sulphitation process, and may be helpful in considering the
legitimacy of the methods of manufacture practiced in the
Louisiana sugar industry.
The writer wishes to extend his sincere thanks to Mr. R. E.
Blouin, who proposed this investigation, and to Dr. W. C.
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Stubbs, for the great interest shown by them in these studies,
and for many valuable suggestions.
Thanks are also due to Mr. H. P. Agee, who supervised the
sugar house work, and to Messrs. J. A. Hall, Jr., W. P. Naquiu
and P. H. Doherty, who carried out a large amount of laboratory
work, which is highly appreciated.
Dr. Stubbs and Mr. William Beer, Librarian of the Howard
Memorial Library, assisted me very kindly in my search for
literature on the subject.
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INTRODUCTION.
Methods of Clarification Used in Louisiana from the
Chemical, Economical and Legal Standpoint.
About thirty years ago very little was known about those
substances which, besides sugar itself, enter into tl^e composi-
tion of sugar cane juice. Certain organic acids had been found,
also albuminoid, fatty and mineral matter. Only careful studies
extending over a number of years have brought some light into
the chaos of substances constituting the non-sugar of the cane.
A great number of workers have contributed to this field of
research, mainly Winter, Szymanski and Prinsen-Geerligs in
Java, Shorey in Hawaii, Maxwell, Beeson and Browne in Louisi-
ana. The investigations carried out by these men and by a num-
ber of others have shown, that while sucrose is the principal
solid constituent of cane juice, a great number of inorganic
and organic substances occur in it. They are generally classed
as impurities of the juice. As the principal ones may be men-
tioned : albumen, nuclein bodies, albumoses, amido acids, amids,
dextrose and levulose, pectin bodies, fat and wax, tannin, color-
ing substances, a number of inorganic and organic acids and of
mineral bases. From a solution of sugar in water we can ob-
tain all of the sugar by evaporation under proper physical con-
ditions. But if we take cane juice with all the impurities men-
tioned in it, and evaporate it even under the best physical con-
dition, we finally obtain only a small percentage of the sugar
originally present in the juice. This shows very clearly that
the impurities coexisting with the sugar either destroy sugar or
prevent its crystallization. In order to prevent this loss, the
Viane juice must be ''clarified." The object in view is to com-
pletely remove all impurities, leaving behind a solution of pure
sucrose in water. A process which will satisfactorily answer
this purpose, has not yet been discovered and may never be
found, owing to the diverse nature of the impurities in cane
juice.
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Heat alone eliminates a small portion of the impurities,
mainly of the albuminoids, gums and inorganic salts, amounting
to about 0.25-0.50 per cent.-^ But the free acids of the juice are
not removed, and the high temperature only assists them in their
destructive work on the sugar which is inverted into dex-
trose and levulose. It is therefore necessary to neutralize the
acids before heating. The oldest and cheapest method for ac-
complishing this purpose is the addition of caustic lime to the
cane juice previous to heating. This was practiced in Egypt
about 1,200 years ago, and probably even long before that time,
and is still the most common method of procedure for the clarifi-
cation of cane juices.
By the addition of lime to cane juice, the organic acids are
neutralized, the albuminoids are almost quantitatively removed,
the gums, sulphates and phosphates partly precipitated, and all
mechanical impurities are carried down by the precipitate.
This process is practiced to a small extent in Louisiana.
Under average conditions about 0.6 pound of lime per ton of
cane is required to neutralize the acids. However, this amount
varies considerably with the composition of the juice. The nat-
ural acidity of the juice must be determined in each ease and
the calculated amount of lime added to just nearly neutralize
the acid. This is all the more necessary, since overliming exerts
the most disastrous influence on juices high in reducing sugars,
v/hich is always the case in Louisiana. In the tropics, where the
cane juice contains only a small percentage of glucose, the
effect of an excess of lime is less marked. If we allow our
Louisiana juices to become alkaline, the glucose is converted into
glucinic and saccharic acids, which, on heating, render the juice
so dark as to considerably injure the appearance of the products.
Furthermore, they increase the viscosity of the juice and syrup
to such an extent that boiling to grain becomes very difficult.
Another danger consists in the fa'ct that in consequence of the
formation of glucinic and saccharic acids the juice turns acid on
heating, thus causing the inversion of a portion of the sucrose.
But even if the juice is only just neutralized, it darkens con-
siderably during further treatment and only low grade products
1 A^ee and Hall, Bull. 91. La. Ag-r. Exp. Stat., 35.
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can be obtained which must of necessity be refined before
marketing.
A great number of processes have been tried with the view
of improving the method just described and something like three
hundred chemicals or combinations of chemicals have been pro-
posed for this purpose. Of many of these it was claimed that
they would entirely revolutionize the sugar industry, but only
a few of them have after a thorough trial maintained their place
in the sugar house. These are carbon dioxide, phosphoric acid
and sulphurous acid.
All of these are used in combination with lime, and there
are two possible ways of doing this:
1. Adding an ex-cess of lime to decided alkalinity and
bringing this back to neutrality with one of the acids named
(Alkaline Clarification).
2. Adding a certain quantity of acid to the juice and then
neutralizing with lime (Acid Clarification).
1 In the manufacture of sugar from beets which contain
practically no glucose, methods based on the first principle are
generally used. The juices are first treated with a large excess
of lime, and then -carbonic acid is passed into the heated juice,
usually in two operations, between which the juice is filtered.
The second carbonitation is often partly or wholly replaced by
a treatment with sulphur dioxide. Similar methods are used
in some cane sugar factories in Java where the cane is very low
in reducing sugars. But they cannot at all be recommended in
such countries which lie near the border line of the cane sugar
belt. In these countries the high percentage of reducing sno:ars
prevents the use of alkaline clarification, as has been shown
above.
There is one modification of alkaline clarification, however,
which almost entirely avoids those difficulties. It consists in the
addition of an excess of lime at a low temperature and bringing
back to neutrality or slight acidity with phosphoric acid. This
method has been found to give good results, but it offers no
advantages over the sulphitation process described below, espo-
vjially if the price of phosphoric acid be taken into considera-
tion.
2. The object of acid clarification is to remove a part of
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the impurities and to decolorize the juice by the addition of an
acid and to afterwards neutralize with lime. The two acids that
may be used for this purpose are phosphoric and sulphurous
acids.
In the first of these two methods about 1.63 pounds of con-
centrated phosphoric acid should be used per ton of cane and
the juice should then be neutralized by the addition of about 1.9
pounds of lime per ton of cane. These figures . are, of 'course,
calculated for average conditions and may vary considerably.
If this process be properly conducted it gives very good re-
sults. But two^ factors prevent its general adoption; first, the
price of phosphoric acid, and second, the fact that very often
phosphates separate out in the molasses, rendering it turbid and
reducing its market value.
There remains one more method, the sulphitation process^
which will be dis'cussed a little more fully, because it has proven
to give the best results with Louisiana juices. It has been thor-
oughly studied by Dr. Stubbs and his collaborators, and the
final results of their investigations are expressed in Bulletin
No. 91 of the Station, by C. A. Browne and R. E. Blouin. The
conclusions arrived at read as follows : ,
*'As a general summary of the foregoing experiments upon
alkaline and acid clarification, we may say that for Louisiana
conditions, where the juices usually contain a high percentage
of reducing sugars as 'compared with tropical countries, a care-
fully conducted sulphitation gives -the most satisfactory results
from the point of economy, as well as from the favorable outturn
of sugar.
''From the two foregoing tables it is evident that the best
sulphur lime clarification is obtained by sulphuring strongly,
then liming to neutrality."
The proper use of the sulphitation process is not at all an
easy or simple matter. Sulphur dioxide being a gas cannot be
weighed by ordinary means, and the quantity that is actually
absorbed by the juice can be accurately determined only by
chemical methods. For this reason the use of bisulphite of lime
or of soda has been proposed; but they do not give the same
effect as sulphur dioxide, because they do not increase the acid-
ity sufficiently unless a very large quantity be used.
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On an average about 0.7 pounds of sulphur and 2 pounds
of lime per ton of cane should be used, the quantities varying
from case to case with the composition of the juice.
The effect of sulphur dioxide is threefold. It removes im-
purities, decolorizes the juice, and, to some extent, prevents fer-
mentation.
Sulphur dioxide alone precipitates about 75 per cent of the
proteid and pectin bodies, a large portion of the mineral matter
and the fat and wax.
All acids decolorize cane juice to some extent, but on neu-
tralizing with alkali the original 'color is restored. This phe-
nomenon is similar to the well-known action of acids and alkalies
upon so-called indicators, like litmus or phenolphthalein. The
Jatter is perfectly colorless in an acid solution, but at once turns
red after the addition of the slightest excess of alkali. Cane juice
contains organic compounds that behave similarly to these sub-
stances, and this explains the effect of acids and alkalis on tho
juice. But sulphur dioxide, besides acting in the manner just
described, exerts a peculiar effect upon some of the organic
constituents of cane. It actually bleaches them, most probably
by forming colorless compounds with them or by removing oxy-
gen from them, and the new substances remain colorless as long
as there is sulphur dioxide present in sufficient quantity. In the
course of time the sulphur dioxide is oxidized to some extent by
the oxygen of the air, and the color of the organic 'compounds is
partly restored.
The third property of sulphurous acid which renders it most
useful in the preservation of meat, fruits and wine, namely, its
antiseptic effect, is of only small importance in the sugar indus-
try, because the juices are always heated so soon after their ex-
traction that microorganisms cannot do it any harm. Only in
very rare cases, where the juices must be left standing for some
time owing to a breakdown, the addition of sulphurous acid to
the juice offers the further advantaere of preventing fermen-
tation.
All these properties render sulphurous acid, in combination
with lime, the best clarifyinor a?ent for Louisiana cane juices.
However, it must be nsed very carefully and ne^-lect of this pre-
cantion may bring about great losses in sugar and money. Sul-
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phurous acid, like all other acids, has the property of. splitting
of sucrose into reducing sugars by inversion ; in fact, it ranks
fourth in the list of acids arranged by their inverting power. In-
version increases with the 'concentration of the acid, with the
temperature and with the time. For these reasons sulphur diox-
ide must be applied at as low a temperature as possible and
a large excess must be avoided. On the other hand, a sufficient
quantity must be used to remove the largest possible quantity
of impurities and to bring about the desired bleaching effect.
The exact point which gives the best results must always be de-
termined by experiment.
After the required amount of sulphur dioxide has been
added, the juice must at once be brought back to faint acidity,
in order to avoid losses from inversion. Great care must be
taken not to add an excess of lime, because this would again
result in losses, as pointed out above. If all these points are
carefully observed, there is no diffilculty in the further treatment
of the juice.
The methods des'cribed are the principal ones used in the
cane sugar industry. It will now be necessary to find out to what
extent these different processes are used in Louisiana and for
what reasons.
The following chemicals or combinations of chemicals are
employed in Louisiana sugar houses : Lime alone ; lime and car-
bonic acid ; lime and phosphoric acid ; sulphur dioxide and lime
;
sulphur dioxide, lime and phosphoric acid.
The first, second, third and fifth of these processes are used
only to a limited extent, and the great majority of factories use
the ordinary sulphitation process.
The reasons for this are obvious. The planters in Louisiana
are compelled to make fancy sugars for direct consumption to
keep independent of the trust. In the second place, molasses and
syrups are at present sold mainly on color. The one and only
process that enables the planters to manufacture all these prod-
ucts profitably, is sulphitation.
The next question is: Are these processes in accordance
v/ith the rof?ulations of the Pure Food Law?
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The sections of the Food aud Drug Act which are applicable
to sugar house products, read as follows:
"Be it enacted
—
'
' Section 7. That for the purpose of this Act
an article shall be deemed to be adulterated
—
"In the case of food:
"First. If any substance has been mixed or
packed with it so as to reduce or lower or injuri-
ously affect its quality or strength.
"Fourth. If it be mixed, colored, powdered,
coated or stained in a manner whereby damage or
inferiority is concealed.
"Fifth. If it contain any added poisonous
or other added deleterious ingredient which may
render such article injurious to health."
In order to find out whether the processes used at present
in our Louisiana sugar houses are in accordance with these reg-
ulations, we have to answer the following questions:
Ad 1. Does a sufficient quantity of the re-
agents used in clarification remain in the final
products to lower their quality or strength ?
Ad 4. Are any chemicals added in the man-
ufacture of sugar with the purpose of concealing
the inferiority of the products?
Ad 5. Are any poisonous or deleterious sub-
stances, not subsequently removed, used which may
render the products injurious to health?
The second of these questions can at once be answered in the
negative. The other two, however, will require a more careful
examination.
No objection can possibly be raised, from the standpoint of
the Pure Food Law, to the clarification with lime alone. Lime is
a natural constituent of the cane and has no harmful effect
whatever in the form of those salts that are found in our prod
ucts. Although the percentage of lime is higher in the molasses
than in an equivalent quantity of raw 'cane juice, it is not suffi-
ciently large to materially reduce its quality or strength. The
same is true for the sugar made by this process.
Carbonic and phosphoric acids are, in combination with lime,
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used only in a very few houses in Louisiana. Tlie carbonic acid
introduced into the juice is entirely removed during the process
of manufacture, since the juices are still slightly alkaline after
treatment with carbonic acid and turn acid during further heat-
ing, as has been described above.
The phosphoric acid appears in the final products in the
form of phosphates of alkali or lime. But phosphates are, like
lime, natural constituents of cane juice. The quantity of these
in the final products is very small, certainly not large enough
to be objected to on the ground of the Pure Food Law.
The very best method of clarification which is almost uni-
^^ersally used in Louisiana, the sulp^itation process, has been
most sevei^ely criticized by the authorities charged with the en-
forcement of the Pure Food Law, and Food Inspection Decision
No. 76 restricted the percentag:e of sulphur dioxide in the final
products to 350 hiilligrams per kilo. The enforcement of this
decision has, however, been suspended, upon demonstrations
made by representatives of the Louisiana sugar industry, ' and
an investigation of the case has been carried out by the Depart-
ment of Agriculture. Chemical and physiological studies on
the same question have also been made by the Louisiana Sugar
Experiment Station and by the Louisiana State Board of Health,
and the result^ of the chemical part of this work are given in full
in the following -chapters of this bulletin. ,
In connection with these experiments, two new clarifying
agents were' tried, hydrosulphite and camorsite. They will also
be discussed as to their practical merits and from the standpoint
of the Pure Food Law.
Salts of tin and zinc have at times been used as a wash in
the centrifugals or in the refining of molasses. Both metals
form compounds which are more or less harmful, and they will
also be taken up in a separate chapter.
Investigations on the Use of Sulphur and Its Combi-
nations in the Sugar House.
BY FRITZ ZERBAN, PH. D.
SHORT HISTORY OF THE SULPHITATION PROCESS IN
LOUISIANA.
Proust was the first to propose the use of sulphite of lime
in the sugar industry, in 1810!^ Drapiez^ (1811) and Perpere^
(1812) tried sulphur dioxide for the same purpose, but they
failed. Dubrunfaut^ took up the experiments again in 1829, and
v/as granted a patent. Biit his process was not a success, because
he had overlooked some factors playing an important part in
the action of sulphur dioxide on saccharine juices. StoUe's
(1838) and M^erge proc^esses, employing bisulphite of 'linie, and
•Boulin's method (1846) with sulphite of alumina, failed for the
Same reason.^
Scoffern^' found in 1847, apparently without knowledge of
these French patents, that any excess of lime used in the defeca-
tion of cane juice could be neutralized and precipitated by in-
troducing sulphur dioxide into the juice. But this observation
passed unnoticed, because Scoffern, convinced that lime was not
a desirable clarifying agent, advocated the use of lead acetate
ahd the subsequent removal of any excess of this reagent with
sulphur dioxide.^ This latter process nevCr has been adopted on
account of the danger to public health connected with it.
Up to the year 1849 sulphur dioxide or bisulphite of lime
were only occasionally used in sugar factories, not as clarifying
agents, but only to check fermentation of juices.^ In that year
Melsens^ carried out an extensive investigation on the use of
2 De Bow's New Orleans Review, Vol 8, 306 (1850).
2 Bull, de la Societe d 'Encourag-emeut, 10, 56.
3 Walkoff, Traite complete de la fabrication du Sucre, Vol. 1, 114.
4 De Bow's Review, 9, 637.
5 De Bow's Review. 10,47.
6 De Bow's Review, 6, 177.
7 De Bow's Review, 8, 307.
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sulphur dioxide and sulphites in the sugar factory, and came to
the conclusion that bisulphite of lime employed in combination
with lime gave excellent results as a clarifying agent, but that
the use of sulphur dioxide was dangerous, and that of neutral
sulphite of lime ineffective. The publication of his researches
created a big sensation in the sugar world. This can easily be
seen from the fact^ that the American Charge d 'Affaires in
Brussels, T. G. Clemson, sent a translation of Melsen's paper to
the Secretary of State with a recommendation. Already during
the following grinding season (1850) Melsen's process was given
a trial on several plantations in Louisiana. Lyman and Todd,
Thom. A. Morgan and some other planters met with decided su'c-
cess.^ Others, however, do not seem to have obtained good results,
as may be seen from a statement in Valcour Aime's diary,* to the
effect that although good sugar was made with bisulphite, the
method had to be abandoned, because his filters did not work
well, when bisulphite was used. Trial experiments made in Goua-
deloupe about the same time were also unsuccessful.^ But the
obstacles were soon overcome by Melangon in Louisiana,^ and
from the year 1853 the process seems to have been adopted by a
good many planters. In 1854 Ulger Lauve^ erected a bisulphite
factory in New Orleans, and H. Bonnabel and two others soon
followed his example.
Col. Stewart® showed in 1858 that the planters, instead of
Suying the bisulphite ready made, could practically obtain the
same results by passing sulphur dioxide, made from sulphur
in the sugar house, into the juice and subsequently neutralizing
with lime. From this time on both bisulphite of lime and sulphur
dioxide were used in Louisiana, the latter gaining more and
more favor. It was reported in 1869'' that of two planters living
44 miles above New Orleans, one who made white refined sugar
with bone black, sold for 15-16 cents per pound, while the other
received 141/2 cents for yellow clarified made with sulphur.
1 Hedo-e, Free & Co.'s Treatise on Sugar Cane, page 71, 1859.
2 De Bow's Review, 8. 491, and 9, 417.
3 Page 141
De Bow's Review, 10, 566.
a Ulo-er Lauve, on the Use of Bisulphite of Lime, page 8.
6 Sugar Cane, 4, 631.
7 De Bow's Review, 37, 91.
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But the results obtained with sulphur dioxide were not al-
ways equally good. Only the very thorough investigation of Bat-
tut in France, undertaken in 1884, cleared up all the points
which up to that time had not been fully understood. The ap-
plication of the principles established in his work, by W. C.
Stubbs, and his 'coworkers, finally led to the establishment of a
perfect sulphitation process for cane juices.
It may be mentioned in this connection that Dr. leery, of
Mauritius,^ introduced the use of bisulphite of lime into that col-
ony around 1865, for a very remarkable reason. Most of the
sugar made in Mauritius goes to India, and the Hindoos refused
to consume sugar manufactured with the aid of bone bla'ck, be-
cause this is made from the body of a venerated animal. Sulphi-
tation is also used to some extent in Reunion, Guadeloupe, De-
merara, Peru and other Central and South American countries.
The use of bisulphite of lime decreased more and more in
Louisiana and it is now entirely replaced by sulphur dioxide.
The chemical side of the process as it is now worked, has al-
ready been outlined in the preceding chapter and certain points
of special importance for this study will be discussed in detail
further on.
The sulphur dioxide used for the process is always prepared
at the fa'ctory by burning siilphur in stoves of various construc-
tions, usually with the aid of compressed air, for which a special
pump is provided. The formation of sulphuric acid by further
oxidation of the sulphur dioxide is prevented by cooling the sul-
phur dioxide pipe with water.
There are three ways of introducing the sulphur dioxide into
the juice. The simplest method is to have the sulphur dioxide
pipe terminate into the juice pipe carrying the mill juice to the
clarifier. In this case the juice remains in contact with the sul-
phur dioxide only for a very short period. If it be intended to
have it a'ct longer, special arrangements must be provided for.
One of these methods is to pump the mill juice into a tank. The
sulphur dioxide enters into this tank through perforated pipes
placed at the bottom. -In this case the sulphur dioxide can be
made to act upon the juice for any desired length of time an'^
the juice can be sulphured to any degree of acidity up to its fnl!
? See page 16, 6.
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capacity. The third method is to mix the sulphur dioxide with
the juice in a so-called sulphur box, provided with shelves, leav-
ing an opening on alternate sides. The juice is allowed to flow
down over these shelves, and the sulphur dioxide enters at the
bottom, the excess of it escaping on top of the box. The sulphi-
tation can in this ease be regulated by changing the velocity of
the juice flow, and the quantity of sulphur dioxide introduced
within a 'certain period of time.
All of these methods are used in Louisiana sugar houses.
The second of them is employed at the Sugar Experiment Sta-
tion, because it affords a perfect control of the sulphitation.
REVIEW OF THE LITERATURE ON THE PHYSIOLOG-
ICAL EFFECTS OF SULPHUROUS ACID.
Since the first experiments of Bernatzik and Braun, made
in 1869, a number of investigations have been carried out on the
effects produced by the administration of sulphur dioxide and
sulphites. In some cases cats or dogs were used in the experi-
ments, in others human beings. Most of the investigators, with
the exception of Liebreich and a few others, came to the 'con-
clusion that sulphur dioxide and sulphites are liable to cause
headache, eructations of sulphur dioxide, in some cajes vomiting
or diarrhoea. On clinical examination inflammatory changes of
the kidneys were found after an administration of daily doses of
sodium sulphite with meat for a period of twenty weeks.
The most extensive study of the effect of sulphur dioxide
and sulphites on the human system was made by the United
States Department of Agriculture under the direction of Dr. H.
W. Wiley. The conclusions arrived at by him read as follows
"It appears that the administration of sulphurous acid in
the food, either in the form of sulphurous-a'cid gas solution
01 in the form of sulphites, is objectionable and produces serious
disturbances of the metabolic functions and injury to digestion
and health. This injury manifests itself in a number of different
ways, both in the production of clinical symptoms which indicate
serious disturbances, malaise, or positive suffering, and also by
inducing certain changes in the metabolic processes which are no^
manifested in the way of ordinary clinical symptoms, and are
'
Circular No. 37, Bureau of Chemistry, 16.
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only detected by careful chemical and microscopical study of
the excretory products. It can be safely said from the evidence
adduced that the administration of sodium sulphite and sulphur-
ous acid, as above indicated, produces a marked influence of an
unfavorable character on metabolism."
"The conclusion is inevitable that as a whole the changes
produced in metabolic activity by the administration of sulphur
in the forms noted above in the comparatively short time covered
by the experiments are decidedly injurious. The verdict which
must be pronounced in this case is decidedly unfavorable to the
use of this preservative in any quantity or for any period of time,
and shows the desirability of avoiding the addition of any form
of sulphurous acid to products intended for human food."
The results of all investigations on sulphur dioxide and sul-
phites show that these substances may produce a harmful effect
upon the system.
However, they cannot at all be applied to our Louisiana
syrups and molasses. So far it has not been proven that these
products contain any sulphur dioxide or sulphites. The sulphur
dioxide that is found, when our products are subjected to analy-
sis, can all be accounted for by the decomposition of certain or-
ganic substances occurring in sugar products made by sulphi-
tjition.
These substances are formed by the action of sulphur diox-
ide upon certain organic compounds, mainly aldeydes. They do
not contain sulphur dioxide at all; but since sulphur dioxid3
may be regenerated from them by certain chemical processes, the
sulphur dioxide thus obtained is usually termed "combined sul-
phur dioxide," while sulphur dioxide gas itself or that in com-
bination with inorganic bases, like potash or lime, is termed "free
sulphur dioxide.
"
Ripper^ showed a number of years ago that the greater
part of the sulphur dioxide in sulphured wines does not occur
in its ordinary form, i. e., as sulphur dioxide itself or its min-
eral combinations, but that it exists there in some other com-
bination with its properties entirely changed. The exactness of
this observation was corroborated by a number of investigators.
1 Jour. Prakt. Chemie, 46, 428.
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Kerp and Farnsteiner/ working at the German Imperial De-
I^artment of Health, proved conclusively that sulphurous acid
added to wines reacts with the acetaldeyde of the wine and
forms a new compound, acetaldelyde-oxysulphonic acid. The^
same authors further found that similar compounds are formed
by the entire group of organic substances, called aldelydes, to-
which also belongs dextrose, or glucose. All these new sub-
stances have properties entirely different from those of sulphur
dioxide itself. While sulphur dioxide itself and sulphites of
mineral bases are strong reducing agents and therefore take up
oxygen very rapidly when exposed to the air, the oxysulphonic
acids and their salts are perfectly stable, and do not change-
at all in dry air. The difference between ' ' free sulphur dioxide '
'
and ''combined sulphur dioxide" is very strikingly shown by
the behavior towards iodine solution of sulphites and oxysul-
phonates. The former are easily oxydized, the latter are not.
This phenomenon enables us to distinguish between the two.
Not only aldehydes or aldehyde sugars form such com-
pounds, but other 'carbohydrates and proteid bodies seem to re-
act in a similar manner. All these organic combinations of sul-
phur dioxide may conveniently be termed oxysulphonates, al-
though we do not know the exact composition of some of them.
If oxysulphonates be dissolved in water, they are partly
decomposed into the aldehyde on the one hand and sulphite on
the other. This dissociation increases with the dilution and
with the temperature. The degree of dissociation at equal con-
centrations is not the same for different oxysulphonates. The
iacetaldehyde-oxysulphonate dissociates to a smaller extent than
the glucose oxysulphonate. The amount of dissociation can in
each case be determined by the quantity of iodine absorbed by
the solution.
Free acids retard the dissociation of oxysulphonates. This
phenomenon is most marked in the case of the glucose oxysul-
phonate and is a very important factor in judging the physi-
ological properties of Louisiana syrups and molasses which are
always decidedly acid.
Rost and Franz^ have carried out investigations on the
physiological effects of oxysulphonates, using aqueous solutions
1 Arbeiten aus dem Kaiserl: Gesundheitsamt, 21, 312, 371.
2 Ztschr. Unters. Nahrungs— u. Genussm., 6, 66: 7, 49; 8, 53.
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of the sodium salts, and have found that the oxysulphonates as
such have no toxic properties whatever, but that their physi-
ological effect is in proportion to the free sulphur dioxide formed
by dissociation. If they be administered in acid solutions they
are less effective than if given in water solutions, and this is
especially true of the glucose compound. This is again in per-
fect agreement with the result of the chemical experiment.
Rost and Franz have drawn the following conclusion from
their experiments : The poisonousness of a certain oxysul-
phonate can be directly determined by its iodine absorption.
The effect of glucose-oxysulphonates depends very largely on
the composition of a certain food product and even on the con-
ditions under which it is ingested.
The following chapters will show what physiological effects
we can expect from the chemical examination of our products.
But a practical test has already been made of the effects
upon the human system of Louisiana manufactured syrups and
molasses. This investigation was carried out by the Louisiana
Sugar Experiment Station in 'co-operation with the Louisiana
State Board of Health. A detailed account of these experimentiS
has been issued as Bulletin No. 94 of the Louisiana Experiment
Stations, and the conclusions arrived at read as follows
:
''1. Prom a practical standpoint the experiments on mo-
lasses feeding were carried on for a sufficient length of time
and on a scale large enough to test the effects of these foods on
the human subject in ordinary health.
"2. We believe that our mode of examination is the fair-
est way to test the effects of substances on the human subject
under natural conditions, for here we had a large number of
docile and ignorant men who did not know what was expected
of them, were neither frightened nor awed, and put in the same
condition as persons who partake of molasses as a food, eating
of the same according to their taste and liking, and the effects
on them carefully and faithfully noted from day to day and
week to week.
**3. As in none of our cases were the body functions in-
terfered with in each one the body weight increased, and as the
blood steadily increased in number of red blood cells, in the
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percentage of hgemoglobin, etc., it must be admitted that these
subjects were gaining in health and neither doing nor taking
anything prejudicial to their physical well-being.
"4:. A careful survey of Table XX, on weights, and of
Tables Vll to XVII, on blood examination, will satisfy any one
that the subjects gradually improved in weight, body functions
and blood conditions, notwithstanding the fact that during
Periods II, III, IV they daily took a considerable quantity of
syrup or molasses containing appreciable quantities of sulphur
as sulphites.
"Reference to Tables III, XIX, XX, and VII to XVII, will
demonstrate that the amount of molasses consumed, although
in some instances very large, does not seem to have had any
deleterious effects on the functions, weight and blood condition
of the subjects, but rather to the contrary.
"We are, therefore, free to conclude that molasses feeding,
even when said molasses 'contains as high as over 900 milligrams
per kilo of sulphur as sulphites, can be carried on under ordi-
nary circumstances without prejudicial effect to health. '
'
Two objections mainly have been raised in criticizing these
investigations.
It has been said that one molasses made without the use of
sulphur should have been used for comparison. This criticism
would be justified if any harmful effects had at all been noticed
with the products used. Since this was not the 'case, such a com-
parison was unnecessary.
In a few cases the subjects complained of slight diarrhoea
and this fact has been used to discredit the conclusions drawn
by Dr. P. E. Archinard, representative of the Louisiana State
Board of Health. But this effect cannot be attributed to the
action of sulphites. In the first place, it is a well-known fact
that syrups and molasses are mild purgatives, and in the second
pla'ce, Dr. Wiley^ has found that "the increase in the amount
of water in the feces due to the administration of sulphites, was
not of sufficient magnitude to warrant classing the preserva-
tive as a purgative or cathartic."
No cases are on record where the slightest harm or injury
1 Bureau of Chemistry, Circular No. 37, 10.
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was done to man or beast after a continued use of pure Louisi-
ana syrups and molasses made by the sulphur process.
METHODS FOR THE DETERMINATION OF FREE AND
TOTAL SULPHUR DIOXIDE.
There is at present no method for directly determining the
quantity of oxysulphonates in a certain material. It is necessary
to determine the total sulphur dioxide after complete dissocia-
tion of the oxysulphonates. This gives the sum of sulphur
dioxide itself, that in combination with mineral bases and that
in the form of oxysulphonates. In another portion the "free
sulphurous acid" is determined, that is sulphur dioxide itself,
that present as mineral sulphites and that quantity of sulphur
dioxide which is naturally present by a partial decomposition
of the oxysulphonates. The difference of total and free sulphur
dioxide represents the sulphur dioxide in the form of oxysul-
phonates.
1. TOTAL SULPHUR DIOXIDE.
The methods used at present for the determination of total
sulphur dioxide in Sugar products, may, according to the prin-
ciples involxed, be divided into two groups, (1) methods necessi-
tating a distillation, and (2) direct titration methods.
DISTILLATION METHODS.
The usual method of determining total sulphur dioxide in
food products by distillation, may be outlined as follows: A
suitable quantity of material is made up with water to a volume
of at least 100 cc, and the sulphur dioxide is, after acidifying
with phosphoric acid, distilled into standardized iodine solution;
or into bromine water, passing a current of 'carbon dioxide
through the distilling flask, to prevent oxidation. The amount
of sulphur dioxide can then be found in the first case by titrat-
ing the excess of iodine with thiosulphate ; in the second case by
boiling off the excess of bromine and precipitating the sulphuric
acid with barium chloride and weis^hing.
When we started our investigations on the sulphitation
[procfss at the Sugar Experiment Station, we did not know
whether these two methods were directly applicable to sugar
products or not, and an extensive study of methods for the
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determination of total sulphur dioxide was 'commenced. This
work has not yet been completed, but the data collected so far
are presented on the following pages, and will, after completion
of the work, be published in full.
W. D. Horne^ called attention to several sources of error
in the provisional official method for the determination of sul-
phurous acid in foodstuffs when this method is applied to sugar
products. Recently Edward Gudeman published a paper on
the same subject.^
The following questions had to be studied : I. Whether mo-
lasses contains any hydrogene sulphide or gives rise to it when
boiled in the presence of free acid, and whether hydrogen sul-
phide and sulphurous acid can be given off simultaneously with-
out acting upon each other. II. "Whether there is any error due
to outside sources (use of gas for heating, rubber for connec-
tions, tin for condensers). III. Whether any volatile substances
are given off during the distillation which are apt to be acted
upon by iodine ; and whether or not iodine is lost by volatiliza-
tion. IV. Whether the use of a current of carbon dioxide is
necessary. V. Whether the total amount of sulphurous acid
distills over with the first half of the distillate.
A'ccording to our present knowledge of the composition of
the sugar cane and its products, most, if not all, of the arganie
sulphur is in the form of proteid sulphur. By boiling in an
acid solution the proteids are decomposed and so far the follow-
ing cleavage products containing sulphur have been isolated:
Cystin, cystein, alpha and beta thio—lactic acid, thio glycollic
acid, ethylsulphide, methylmercaptan, and hydrogen sulphide.
The thio acids mentioned above decompose further upon pro-
longed heating, yielding hydrogen sulphide. The presence of
hydrogen sulphide in the distillation products of molasses is there-
fore to be expected. This was s^iorQ^est^d by Dr. Horne-^ and also
by Jerome Alexander^ in a paper on the determination of
sulphurous acid in gelatine. The following experiments were
performed to decide this question : Fresh cane juice was boiled
i Proceedings 23 Annual Convention, A. O. A. C, 1906, 125.
5 Proceedings 37th General Meeting- Amer. Chem. Soc, 1907.
3 1. c.
4 Jour. Amer. Chem. Soc, 29, 783.
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down to syrup without the use of any chemicals; 100 g of this
was diluted to 400 cc, 5 cc of 85% phosphoric acid added and
distilled. The distillate was collected in a flask containing de
Koninck's reagent for hydrogen sulphide (mercuric cyanide and
ammonium chloride in water) . A black precipitate was obtained
which after filtration was dissolved in bromine water. The
solution gave a precipitate of barium sulphate when tested with
barium 'chloride. Experiments carried out in a similar manner
with silver nitrate and lead acetate solutions gave the same re-
sults. After receiving a copy of Dr. Home's paper, cadmium
chloride was used and our observations could be confirmed. The
filtrate from the cadmium sulphide was also tested for sulphur,
with positive results. This volatile sulphur which is not in the
form of hydrogen sulphide may be due to the volatilization of
substances of a mercaptan like character. We have not been
able so far, on account of the small quantities obtained, to iden-
tify them or to prevent their determination together with sul-
phurous acid.
Similar experiments were performed with a, molasses en-
suing from the sulphitation process as pra'cticed in Louisiana.
Hydrogen sulphide was again obtained which proves that under
the conditions of procedure sulphurous acid and hydrogen sul-
phide may coexist. It is, therefore, advisable to use a solution
of cadmium-chloride in the determination, as recommended by
Horne.
Gas can, without any risk, be used for heating the distilling
flask. But if it be found necessary to concentrate the distil-
late, this should be done in flasks with narrow openings. Rubber
connections should be avoided as much as possible, especially
at this side of the condenser which is conneeted with the receiver
containing iodine or bromine. It was found that the use of
rubber may introduce considerable error. Where two glass
tubes are to be connected with rubber hose the two ends of the
glas tubes should touch. In a number of distillations a Kjeldahl
condenser with tin serpentines was used and in this case a slight
deposit of sulphur was invariably noticed in the glass tube
extending into the receiver. When glass condensers were sub-
stituted for those of tin, that deposit could not be observed. The
deposit is probably due to the interaction of hydrogen sulphide
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and sulphur dioxide, but the tin seems to play some part in
this reaction.
Dr. Horne called attention to the possibility that sugar
products like molasses, when distilled in acid solution, might
give off volatile organic substances which are acted upon by
iodine. In order to test this question, we secured a sample of
molasses from a house where no sulphur is used. In one experi-
ment the distillate was collected in bromine water after wash-
ing with cadmium-chloride solution, and the sulphur determined
gravimetrically in the cadmium-sulphide as well as in the filtrate
from it, combined with the bromine water. In a second deter-
mination the official method was used, the dilution in the dis-
tilling flask and the quantity of liquid distilled over being the
same as in the first experiment. It was found that the official
method yielded considerably more "sulphur" than was obtained
by the gravimetric determination. However, this discrepancy
is partly due to the fact that in spite of the U tube provided for
in the official method, some iodine volatilizes during the dis-
tillation. This 'could easily be shown by connecting the U tube
with a glass tube extending into a small flask which contained a
solution of potassium iodide. When the distillation was finished,
the potassium iodide had taken up a considerable quantity of
iodine, however, not enough to make up for the difference from
the gravimetric method.
Several experiments carried out with and without the use
of a current of carbon dioxide proved the advisability of using
this precautionary measure, although the influence was not so
great as we had anticipated. The inlet tube for the carbonic
acid gas must extend into the liquid to prevent it from distilling
back into this same tube.
After these preliminary experiments the following mode of
procedure was adopted, avoiding the errors recognized so far:
50 g of molasses are transferred to a flask of suffi'cient capacity
and made up to 400 cc with air-free water. The flask is closed
with a rubber stopper (rubber can safely be used at this point)
having three perforations. One of these is for the inlet tube for
the carbon dioxide, the second for a small separatory funnel
filled with phosphoric acid, the third for a catch-all con-
nected by means of a good cork with a Liebig condenser. The
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other end of the condenser is conne'cted with a glass tube leading
into a filtering flask with a small quantity of a 2 per cent solu-
tion of cadmium-chloride. The glass tube must terminate below
the surface of the liquid. After the filtering flask follows a U
tube containing a little water and then a glass tube leading into
bromine water in a little Erlenmeyer flask. The U tube pre-
vents sucking back of the bromine water into the cadmium solu-
tion. After the receivers have been put in place, carbon dioxide
is passed through the entire apparatus for about ten minutes.
Then about 5 cc of phosphoric acid are added from the separa-
tcry funnel and 200 'cc of the liquid distilled over. When the
distillation is finished, the bromine water in the Erlenmeyer
and the contents of the U tube are transferred to a beaker, and
the cadmium solution containing the distillate is filtered into the
bromine water. The excess of bromine is boiled off, and the
sulphuric acid is precipitated as barium sulphate and weighed.
If the hydrogen sulphide is to be determined also, the cadmium
sulphide is dissolved in bromine water and the solution treated
like the others.
We did not deem it advisable to distill to a smaller volume
than 200 cc in order to avoid charring of the mass at certain
points and subsequent reduction of sulphuric acid.
At last the influence of concentration was studied and very
surprising results obtained. When the same quantity of mo-
lasses was diluted in one case to 600 cc and in the other to 400
cc and both were distilled down to 200 'ce, the first experiment
gave a much higher result than the second. This experience
led us to investigate how much of the liquid must be distilled
to obtain the entire quantity of SOg. It was found that by
adding again 200 cc of water after having distilled from 400 cc
to 200 cc, new quantities of sulphurous acid were obtained, and
*t was necessary to repeat this procedure four times to prac-
ically distill over all the SOg. In this 'case the last distillate
contained only traces of sulphur. It was thus shown that by
distilling over 800 cc the SO, could be satisfactorily determined.
The method could be facilitated by mixing up 50 g of molasses
to 1,000 cc and distilling down to 200 cc. In this case the re-
ceivers had naturally to be changed to some extent. Results
greed practically with those obtained by separate distillations.
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After the true amount of SO2 in a certain molasses had been
determined in this way, the official method was tested for its
accuracy. By distilling in the same way from 1,000 cc to 200 cc,
1/10 n iodine solution being used to collect the distillate and
titrating with thio sulphate, results considerably higher than
those by the above method were obtained.
The necessity of distilling off 800 cc of liquid renders the
method very tedious, and it would be desirable to devise one
which requires less time and labor.
Edward Gudeman^ distills in a 'current of steam, thus keep-
ing the volume of the liquid in the distilling flask constant, and
titrates the sulphur dioxide in the distillate with iodine.
Another method has been proposed by Th. Schumacher and
E. Peder.2
These authors distill into a measured quantity of standard-
ized potassium iodate solution. The sulphur dioxide reduces a
certain part of this to iodine. When the distillation is over,
the iodine is boiled off, and the remainder of iodic acid deter-
nuned by adding potassium iodide and sulphuric acid and titrat-
ing with sodium thio sulphate. The method eliminates two
errors of the iodine titration method, the loss of iodine by vola-
tilization and that due to substances distilling over which are
acted upon by iodine. But that due to hydrogen sulphide is
not avoided by this method. Still it may prove to be very
valuable for commercial work.
DIRECT TITRATION.
Sulphur dioxide gas or that in mineral sulphites can easily
be determined by acidifying the solution, adding starch indi-
\:^ator and titrating with standardized iodine. This method,
however, is not directly applicable to products containing alde-
hydes or sugars. In this case a direct titration indicates only
the "free" sulphur dioxide. . In order to determine total sul-
phur dioxide, the oxysulphonates must first be broken up by
treating with free alkali. If, after standing for some time, the
solution is acidified and the titration made immediately, the
quantity of total sulphur dioxide is obtained.
1 1. c.
2 Ztschr. Unters. Nahruugs und Genussm. , 10. 415, 649.
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This method is very rapid, but there are some difficulties
preventing its use for dark-colored final products of the sugar
factory. These products contain substances other than sulphites,
acting upon iodine. This can easily be shown by treating in the
way indicated a syrup or molasses made without sulphur. In
every case an iodine absorption is noticed and in one molasses
this absorption was equivalent to 0.0768 per cent of sulphur
dioxide, which would be far in excess of the limit set by Food
Inspection Decision No. 76. Another trouble in using this
method is due to the dark color of final products. They must be
considerably diluted to be able to distinguish the blue colora-
tion of the iodine starch.
The method is very handy for the determination of total
sulphur dioxide in sulphured and clarified juices. We have
shown by experiments that 100 cc of raw cane juice and juice
clarified with lime alone do not absorb more than 0.2 cc of
n/10 iodine. The iodine used, therefore, indicates the true
amount of sulphur dioxide. Furthermore, the color of these
products is light enough to render the determination of the
endpoint easy and accurate.
II. FREE SULPHUR DIOXIDE.
Free sulphur dioxide is determined by simply ascertaining
the iodine absorption of the material in the presence of acid,
because free alkali would itself absorb iodine.
METHODS USED IN THE WORK ON THE SULPHITA-
TION PROCESS.
The total sulphur dioxide Avas, in most cases, determined
by the distillation method which is equally applicable to all
products and therefore yields comparable results. It had to be
simplified, on account of the large number of analyses made.
Even though the results are not as accurate as they could be
obtained with our best methods available, they are comparable,
})ecause the analyses were all made exactly alike. It was found
that with material high in total sulphur dioxide, as is usually
the case with freshly manufactured products, the error due to
hydrogen sulphide and other sources is comparatively small.
A suitable quantity of the substance was diluted with water
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to 400 'cc, phosphoric acid added and 200 cc distilled into bro-
mine water. After finishing the distillation the excess of bro-
raine was boiled off, and the sulphuric acid determined gravi-
metrically.
The results obtained by this method agreed very well with
those obtained with the same products at the United States Pure
Food Laboratory in New Orleans, where all precautions were
used to ensure accurate results.
In the analyses of sulphured and clarified juices the direct
titration method was often used. The results of this method are
usually a little higher than those of the distillation method, but
well within the limits of error. The following figures will dem-
onstrate this
:
Distillation. Titration. Difference.
Sulphured juice 0.0185 0.0211 0.0026
Sulphured juice -0.0269 0.0286 0.0017
Sulphured juice 0.0223 0.0254 0.0031
Sulphured juice 0.0204 0.0214
^
0.0010
Sulphured juice 0.0242 0.0249 ' 0.0007
Clarified juice 0.0133 0.0153 0.0020
C^larified juice 0.0166 0.0176 0.0010
(Harified juice 0.0224 0.0240 0.0016
Clarified juice 0.0173 0.0184 0.0011
Clarified juice 0.0291 0.0306 0.0013
The average difference for ten determinations is 0.0015.
The titrations were made in the following way: 50 cc of juice
v/ere pipetted into a flask containing 25 cc of a n-solution of
sodium hydroxide under constant shaking. After fifteen min-
utes the liquid was acidified with 10 cc of 35 per cent sulphuric
acid, and a titration made immediately with n/10 iodine solution.
We are at present experimenting on a new rapid method
for the determination of total sulphur dioxide and the results
obtained so far are encouraging.
The determination of "free" sulphur dioxide was made
in the same way as that of total sulphur dioxide by titration,
substituting 25 cc of water for the sodium hydroxide solution.
But this method ca?^ only be used with sulphured and clarified
juices. Syrups and molasses must be considerably diluted, to
be able to determine the endpoint of the titration, and dilution
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would cause the decomposition of oxysulphonates and an in-
crease in free sulphurous acid. It was therefore necessary to
determine the amount of free sulphur dioxide in syrups and mo-
lasses in some other way. We are at present experimenting on
this point and the results obtained so far are laid down in the
following chapter on page 33 and 47.
Quantity of Sulphur Dioxide in the Different
Products of the Sugar House.
I. GENERAL CONSIDERATIONS.
A. SULPHUR DIOXIDE IN SULPHURED JUICE.
In conducting the sulphitation process the quantity of sul-
phur dioxide entering the raw juice is usually determined by
the increase in the acidity of the juice. The first question to be
studied was therefore, whether or not the acidity of the juice
increases in the same ratio as the quantity of sulphur dioxide
introduced. This again necessitated some preliminary experi-
ments to find out if the sulphur dioxide while acting upon the
juice undergoes any changes, and how much of the quantity
used is actually found in the sulphured juice by analysis.
A solution of sulphur dioxide in water was prepared; 20 cc
of this solution were on titration found to absorb 13.6 cc of
n/10 iodine solution. A measured quantity of this sulphurous
acid was then added to a measured quantity 6f raw cane juice
and the total sulphur dioxide determined by titration. The
results were as follows:
cc n/10 Iodine.
50 cc juice 10 cc sulphurous acid 6.8
50 cc juice 20 cc sulphurous acid 13.65
50 cc juice 20 cc sulphurous acid 13.75
100 'CC juice 20 cc sulphurous acid 13.6
100 cc juice 20 cc sulphurous acid 13.6
50 cc juice 40 cc sulphurous acid 27.2
The amount of sulphur dioxide found by analysis equals
that added to the juice, and this shows that the bleaching
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effect of the sulphur dioxide on cane juice is apparently due
to the formation of new compounds by addition, and not by
reduction, because in the latter case a part of the sulphur
dioxide would be converted into sulphuric acid and disappear.
After it had thus been established that a titration of total
sulphur dioxide in the sulphured juice gives the true quantity
added, determinations of total sulphur dioxide and of the
acidity were made with the same juice sulphured to different
acidities.
The natural acidity of the juice used was equal to 1.15 ec
n/10 alkali per 10 cc of juice, employing phenolphthalein as
indicator.
A solution of sulphur dioxide was prepared, containing
22 cc of normal sulphur dioxide per liter. Then measured quan-
tities of juice and sulphurous acid were mixed and the acidity
determined.
Natural
Acidity
Acid
Aftei-
Sulphuring-
CD
O
m
Increase
of
Acidity
10 cc juice 1 cc sulph. acid,
, . 1.15 1.3 0.22 0.15
10 cc juice 1 cc sulph. acid, 1.15 1.3 0.22 0.15
10 cc juice 2 cc sulph. acid 1.15 1.5 0.44 0.35
10 cc juice 2 cc sulph. acid . 1.15 1.6 0.44 0.45
10 cc juice 5 'CC sulph. acid 1.15 2.2 1.10 1.05
10 cc juice 5 cc sulph. acid 1.15 2.25 1.10 i.ia
10 cc juice 10 cc sulph. acid 1.15 3.35 2.20 2.20
10 cc juice 10 cc sulph. 1.15 3.4 2.20 2.25
10 cc juice 20 cc sulph. acid. .
.
.. 1.15 5.6 4.40 4.45
10 cc juice 50 cc sulph. acid , , , 1.15 12.3 11.00 11.15
The increase in acidity after addition of 1 cc and 2 cc of
sulphurous acid, though well marked, is very small and the
percentage error is rather large. For this reason, a second solu-
tion of sulphur dioxide was prepared with 170 cc of normal
sulphur dioxide per liter, and 50 cc of juice taken. The follow-
ing figures were obtained
:
50 cc juice 1 cc SOo 575 7.2 1.70 1.45
50 cc juice 2 cc SO^ 5.75 8.85 3.40 3.10
The results of these experiments show that the very first
portion of the sulphur dioxide entering the juice causes an in-
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crease in the acidity of it, simply by liberating tbe organic
acids from their combinations. The quantity of sulphur dioxide
added to the raw juice can, therefore, be accurately ascertained
by determining the increase of the acidity of the juice.
Cane juice dissolves a maximum of 9 per cent of sulphur
dioxide (12.66 ounces per gallon of juice), but in practical
sugar house work it is difficult to use more than 0.15 per cent
(0.2146 ounce per gallon of juice). Or, in chemical terms, it is
difficult to raise the acidity of cane juice, by passing sulphur
dioxide into it, above about 6 cc of n/10 acid per 10 cc of juice.
At the Sugar Experiment Station we usually sulphur to 5 cc,
using about 0.11 per cent of sulphur dioxide on the weight of
the juice. Most of the sugar houses of the State employ less
than this quantity.
A part of the sulphur dioxide introduced into the juice
combines with glucose and probably with other constituents
of the juice. Since raw cane juice contains a large percentage
of water, most of the sulphur dioxide is, on analysis, found to
be in the free state.
The juices tested gave the following figures, in cc of n/10
iodine per 50 cc
:
12345678 9 10
Total S03 27.8 24.0 22.6 17.2 16.3 14.1 19.2 17.0 14.3 16.5
FreeS02 27.3 22.8 21.0 15.7 15.3 13.6 18.6 16.2 13.7 15.7
(T. S.-F. S.)X100
J g 5 Q rj Qg g_72 6.14 3.55 3.13 4.71 4.20 4.85
T. S.
Average 4.92.
The fact that the sulphured juice contains some combined
sulphur dioxide was further shown by making determinations
of sulphur dioxide in different dilutions. The more we dilute
the more free sulphur dioxide is formed by dissociation of the
organic combinations.
of juice cc of water cc n/10 iodine
used. used. found.
25 0 12.2
25 25 12.3
25 50 12.7
25 75 13.2
25 100 13.3
25 200 13.5
25 300 13.5
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The sulphur dioxide in the sulphured juice does not oxidize
as rapidly as is generally supposed. If a juice be kept for sev-
eral weeks or months, it is found that the quantity of sulphur-
ous acid goes down very little within the first twenty-four hours,
no matter whether it is kept in an open vessel or in a glass-
stoppered bottle. After the first day the sulphur content com-
mences to fall perceptibly, and it decreases much more rapidly
in the open than in the closed bottle. The quantity of combined
sulphur dioxide remains practically constant until fermentation
has set in and has reached a certain stage. When this happens
the free sulphur dioxide falls down very rapidly to almost zero,
and the total sulphur dioxide remains constant. Although no
experiments have been made on this point, we know from the
work of Ripper, Kerp and others, that sulphur dioxide occurs
in fermented liquors in the form of acetaldehyde-oxysulphonic
acid, which is a very stable compound, not subject to oxidation
and only very little dissociated in aqueous solution. This ex-
plains the sudden decrease in free sulphurous acid and at the
same time the constancy of the total sulphur dioxide. All these
points can easily be seen from the diagrams on pages 35 and 36.
Two divisions in the axis of abscissas designate one day,
and one on the axis of ordinates 0.2 cc of n/10 iodine solution.
The uppermost curve shows the total sulphur dioxide of the sul-
phured juice, kept in a glass stoppered bottle, the second gives
the free sulphur dioxide of the same juice, and the other two
the total and free sulphur dioxide of the juice stored in an open
bottle. These two curves run considerably lower on account of
the oxidation taking place more
,
rapidly. The curves for total
«.nd free sulphurous acid of the same juice are very nearly paral-
lel, showing that it is only the free sulphur dioxide which suf-
fers oxidation while the quantity of oxysulphonate remains per-
fectly constant. After 9-10 weeks the fermentation has pro-
ceeded to that stage when acetaldehyde is formed, and now the
free .sulphur dioxide drops down to nearly zero while the com-
bined sulphur dioxide does not change any more.
The same results were obtained with two other sulphured
juices, but these two instances may suffice.
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B. SULPHUR DIOXIDE IN CLARIFIED JUICE.
After the raw cane juice has been sulphured, it is sent to
the clarifiers where lime is added to it. The effect of lime is
twofold; it precipitates a large portion of the impurities and
neutralizes the free acids which otherwise would afterwards in-
vert sucrose. The precipitate as a rule contains calcium sul-
phite, and the amount of sulphur dioxide in the clarified juice
depends on the quantity of calcium sulphite precipitated. When
lime is added to the acid sulphured juice, calcium bisulphite
is first formed, which is very soluble in cane juice. More lime
neutralizes the free acid in the calcium bisulphite, and this is
converted into neutral calcium sulphite. This salt is only
sparingly soluble in cane juice. Its solubility naturally de-
pends on the composition of the juice and on the temperature.
If we, therefore, take the same sulphured juice and add
varying quantities of lime to it, that juice will after heating
and filtering contain the smallest quantity of total sulphur
dioxide which received the largest amount of lime. In practical
cases this point is reached with adding lime to neutrality. De-
cause alkaline clarification is practiced very little in Louisiana.
This shows that, if we want to leave the smallest possible
quantity of sulphur dioxide in the clarified juice, we have to lime
t^ neutrality.
If we now let the quantity of sulphur dioxide added to the
raw cane juice vary, and lime to the same point, two different
cases are possible. Either we use more sulphur dioxide than
the juice can dissolve in th-e form of calcium sulphite, or we use
less than this quantity. In the former case all the sulphur
dioxide that we add in excess of the quantity indicated, is
precipitated as calcium sulphite. In other words, under these
conditions we can use as much sulphur dioxide as we want; the
clarified juice will always contain the same amount of sulphur
dioxide, if we only neutralize to the same point.
But in the second case cited, conditions are quite different.
If we add less sulphur dioxide to the raw cane juice than it
can dissolve in the form of calcium sulphite, the addition of
lime to the sulphured juice does not cause a precipitation of
calcium sulphite, and now a further reduction of the sulphur
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dioxide employed in sulphuring the raw juice will be followed by
a reduction in the clarified juice, even if we lime to neutrality.
Practical experiments conducted in the sugar house and
laboratory proved the exactness of these theoretical conclusions.
In the sugar house runs the raw cane juice was treated
with sulphur fumes, then limed in a 350-gallon clarifier to
different acidities, heated until blanket broke and treated in tfie
usual way. In the first column of the following table are given
the quantities of sulphur dioxide on 100 parts of raw juice, in
the second, the acidity left after liming, and in the third, the
amount of sulphur dioxide found in the clarified juice, (Most
of this is now in the form of sulphite or bisulphite of lime.
)
No. 1o SO2 Added Acidity Left ^ SOa Left n
Clarifier to Raw Juice After Liming Clarified Juice
1 0.090 0.013 0.033
2 0.122 0.022 0.037
3 0.092 0.022 0.039
4 0.108 0.029 0.051
5 0.106 0.035 0.065
In all these runs more sulphur dioxide was used in sulphur-
ing than the limit indicated above, as we shall see further on.
The figures obtained show very clearly that the quantity of sul-
phur used in sulphuring the raw juice has no influence whatever
on that left in the clarified juice. Clarifier No. 2 received about
30 per cent more sulphur than No. 3, but in the clarified juice
we find about the same amount of sulphur left. Nos. 4 and 5
have about equal quantities of sulphur in the sulphured juice,
but the clarified juice No. 5 contains about 28 per cent more
than No. 4. Comparison between No. 2 and No. 5 is even
more striking. No. 2 received the largest quantity of sulphur,
but the clarified juice has only little; the sulphured juice of
No. 5 is appreciably lower than in No. 2, but the clarified juice
shows the largest figure of all.
If we now 'compare columns 2 and 3, we see at the first
glance that the sulphur dioxide in the clarified juice increases
in the same way as does the acidity of the limed juice.
No matter how much sulphur we use on the raw juice, we
always find about the same quantity of sulphur dioxide in the
clarified juice, if we only lime back to the same degree of acidity,
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and the nearer we approach the neutral point, the less sulphur
dioxide will finally remain in the juice.
The laboratory experiments were carried out as follows:
Cane juice with 0.045 per cent natural acidity was treated
with three different quantities of SO2, 0.243 per cent, 0.147 per
cent and 0.051 per cent. Each one of these three sulphured
juices was then limed back to three different acidities, 0.064 per
cent, 0.032 per cent and 0.000 per cent (neutrality). All nine
juices obtained in this way were heated until blanket broke, fil-
tered, and sulphur dioxide determined in the juice as well as in
the precipitate.
The results of the experiment are seen from the following
table : Column I gives the natural acidity of the juice, II the
percentage of sulphur dioxide added, III the per cent acidity
after liming, IV the sulphur dioxide in the clarified juice, and
V that in the precipitate.
1 . . .
.
Natural
Acidity ^
0.045
1o SOa
Added
0.243
Acidity
After Liming
0.064
SO2 in
Clarified
Juice
0.109
PO2 in
Precipitate
0.114
2 .... 0.045 0.243 0.032 0.078 0.150
<- 0.045 0.243 0.000 0.051 0.168
4 , 0.045 0.147 0.064 0.108 0.026
5 , , . . 0.045 0.147 0.032 0.076 0.060
6 , , . , 0.045 0.147 0.000 0.059 0.076
7 0.045 0.051 0.064 0.041 0.001
8 , . . 0.045 0.051 0.032 0.038 0.003
9 0.045 0.051 0.000 0.035 0.006
Experiments 1 to 6 confirm the results obtained in the
sugar house. Whether we sulphur with 0.147 or with 0.243 per
cent of sulphur dioxide, the sulphur dioxide in the clarified juice
is the same, if we only lime back to the same acidity (0.109 and
0.108; 0.078 and 0.076; 0.051 and 0.059). The results also ex-
plain where the remainder of the sulphur goes. It is found in
the precipitate. If we add up the SO2 in the clarified juice to
that in the precipitate we come very close to the total amount
used in sulphitation ; the rest has been lost by oxidation to sul-
phuric acid. The experiments furthermore 'confirm the results
found before, that the clarified juice contains the more sulphur,
the more acid we leave the juice after liming. The nearer we
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come to neutrality, the less sulphur we find in the clarified juice,
and with neutrality itself we reach the minimum.
Therefore, if we want to leave a minimum quantity of sul-
phur dioxide in our products, we have to lime our juices to as
near neutrality as possible.
The minimum quantity of sulphur that we can expect in
the freshly treated clarified juice is, under these 'circumstances,
about 0.055 per cent. If we use a quantity of sulphur which
gives us just this amount of sulphur dioxide in the clarified juice,
then practically no sulphur will be precipitated, even if we lime
to neutrality. A glance at the table shows that the use of
about 0.060-0.070 per cent of sulphur dioxide on raw juice will
practically give this effect. In this case the point has been
reached where the sulphur dioxide remains in solution as sul-
phite of lime. If we employ less than 0.060-0.070 per -cent of
sulphur dioxide, very nearly all of it will be found in the clari-
fied juice, and the use of a smaller quantity of sulphur will
necessarily be followed by a decrease in sulphur dioxide in the
clarified juice and the after products. All these facts are clearly
indicated in the results of experiments 7-9. Here only 0.051
per cent of sulphur dioxide was added to the juice. Conse-
quently we find less sulphur in the clarified juice than where
quantities above 0.060 per cent were used in sulphuring the
juice. For reasons indicated above, it does not make mu'ch
difference how much lime is used in neutralizing the acid. The
precipitate contains very small quantities of sulphur dioxide
which is due either to occlusion of sulphite of lime formed at a
certain point, or to insufficient washing.
The diagram on page 42 shows all this more clearly than the
table does. One division of the axis of ordinates is equivalent
to 0.001 per cent of sulphur dioxide.
The results of these experiments 'clearly indicate the fact
that the use of a smaller amount of sulphur than that usually
employed by any one planter, is not necessarily followed by a
decrease in the sulphur content of his after products. Only if
we use so little sulphur that we keep within the limit of the
solubility of sulphite of lime, a further reduction of the sulphur
causes a reduction of it in the after products. This limit is
reached with about 0.06-0.07 per cent of sulphur dioxide. But
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this quantity is itself so small that it will not aid sufficiently in
the clarification of our cane juice, and a further reduction
would not accomplish the purpose of clarification. Although it
does not make much difference from a legal standpoint how much
sulphur we use, if we go beyond a certain quantity, it does
make a great deal of difference in the clarification. The more
sulphur we use, the more impurities are removed and the greater
L« the decoloration obtained.
Determinations of oxysulphonates were again made in a
number of clarified juices with the following results, expressed
in cc of n/10 iodine per 100 cc of juice.1234 567 8 9 10
Total SOg 8.4 5.7 10.2 11.6 5.7 10..3 11.7 16.0 12.2 20.3
Free SO3 4.3 2.8 4.6 8.6 2.00 6.9 8.8 12.9 8.9 17.9
<T. S.-F. S.)X100
^r-g 48.81 50.88 54.90 25.86 64.91 33.01 24.79 19.37 27.05 V .82
Averag-e 36.17.
The presence of glucose oxysulphonic acid was again demon-
strated by making determinations of the sulphurous acid at dif-
ferent dilutions with the following results
:
cc juice. cc water. cc n/10 iodine.
25 0 6.0
25 50 6.4
25 100 7.2
25 150 7.4
25 200 7.5
25 300 7.7
100 0 4.8
100 50 5.0
100 100 5.1
100 200 5.4
100 300 5.5
The quantity of oxysulphonic acid is considerably larger
than in the sulphured juice. In this the average ratio of com-
bined to total sulphur dioxide was found to be about 5 :100 (see
page 49) ; in the clarified juice this ratio is 36:100.
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On 'comparing the quantities of combined sulphur dioxide
in sulphured juice and in the clarified juice made from it, we
find the following figures, in per cent:
1 2 3 4 5
Sulphured juice 0.0060 0.0038 0.0048 0.0036 0.0048
Clarified juice 0.0100 0.0088 0.0096 0.0099 0.0126
This shows that a new quantity of oxysulphonic acid is
'actually formed during clarification and that the increase in
the ratio of combined to total sulphur dioxide is not merely due
to the precipitation or oxidation of free sulphur dioxide in the
sulphured juice.
The rate of oxidation of total and free sulphur dioxide in
clarified juice was also studied, in the same way as was done
with sulphured juice. The general behavior was found to be
very similar in both cases. However, clarified juice ferments
much more quickly than sulphured juice. It takes only about
four days for the former to reach the same stage of fermenta-
tion which, in the latter, does not set in until after nine to ten
weeks. This is probably due to the fact that sulphured juice
contains a large quantity of free acids, while clarified juice con-
tains very little or none. After fermentation has commenced,
the free sulphur dioxide drops down very rapidly to almost zero,
owing to the formation of acetaldehyde-oxysulphonic acid, just
as it is the case with sulphured juice. After this the total sul-
phur dioxide remains practically 'constant.
The two diagrams on pages 44 and 45 show the results of
the experiments. In the first diagram ten divisions on the axis
of abscissas are equal to one day, and one division on the axis of
ordinates is equal to 0.2 cc of n/10 iodine. The uppermost curve
gives the total sulphur dioxide in the juice kept in a glass stop-
pered bottle, the second that in the juice stored in an open
container. The other two curves indicate the figures for free
sulphur dioxide respectively. The curves for total and free sul-
phur dioxide again run parallel until fermentation sets in, when
the free sulphur dioxide suddenly disappears. In the open bottle
oxidation takes place more rapidly than in the stoppered bottle.
This experiment was, for lack of material, 'carried on for
only four days. The second diagram shows the result of another
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experiment which covered a period of about seven weeks. In
this case two divisions on the axis of abscissas designate one day.
The general aspect of the curve is the same as we would expect
from the first. The free sulphur dioxide decreases very rapidly
after the fourth day and is almost zero after nine days. After
this time the total sulphur dioxide does not decrease any more.
The actual figures do not give a straight curve as it should be
theoretically expected. The reason for this is the formation of
large quantities of hydrogen sulphide during fermentation which
introduces a considerable error in the determination. But the
general tendency of the curves shows that there is practically
no oxidation taking place any longer.
SULPHUR DIOXIDE IN THE SYRUP AND MOLASSES.
After clarification the juice usually does not receive any
more chemical treatment, but is simply evaporated down to a
greater density. In the modern sugar house this is effected by
boiling under a partial vacuum. The sulphur dioxide that
was present in the clarified juice, decreases consid^.rably
during the boiling process. This is partly due to the vaporiza-
tion of sulphur dioxide on heating in an acid medium. But most
of the sulphur dioxide is eliminated by precipitation of calcium
sulphite or by oxidation to sulphuric acid, under the influence
of the oxygen contained in the air. The amount of oxidation
naturally depends on the quantity of air at disposal, and is
therefore comparatively small in a vacuum house. It is further
governed by the time during which the boiling is carried on and
by the temperature at which it is done. No experiments were
made to exactly determine the influence of these factors sepa-
rately, but the results of sugar house runs compiled on pages
show how much total sulphur dioxide is eliminated in the effects.
All that has been said about the elimination of sulphur
dioxide in the effects holds true for the process of boiling to
grain in the vacuum pan. In the centrifugals sulphur dioxide
i*^ removed from the molasses with the sugar, as is shown from
the fact that sugars always contain an appreciable quantity of
sulphur dioxide. This sulphur dioxide is removed from the
molasses with each crop of sugar made. The actual quantities
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of total sulphur dioxide in the different grades of molasses will
be found in the second part of this chapter.
It was attempted to determine free sulphur dioxide in the
syrups and molasses from our sugars. But it was found to be
impossible to do this with any degree of accuracy.
If we test a syrup or molasses, made without the use of sul-
phur at all, for free sulphur dioxide by the iodine method, we
always apparently find appreciable quantities of it. Several
samples of syrup tested 0.0032, 0.0045, 0.00704 and 0.0077 per
cent, and one molasses as high as 0.0109 per cent. This shows
that during the process of boiling substances are formed which
reduce iodine, and the error which would, owing to this cause,
be made in the determination of free sulphur dioxide in syrups
or molasses is, in three cases out of five investigated, larger than
the quantity of free sulphur dioxide permitted by Food Inspec-
tion Decision No. 76, and in the others too great to be neglected
(about 50 per v;ent).
But this is not the only factor which renders the method
very inaccurate. Syrups and molasses are in most cases so dark
that they must be considerably diluted, to be able to distinguish
the endpoint of the reaction. If this is done the oxysulphonic
acid is split up into glucose and free sulphur dioxide, and con-
sequently the results would always be too high.
In a few cases we succeeded in determining free and total
sulphur dioxide in syrup from the effects of our sugar house, of
a density of about 35 degrees Brix without dilution. Both de-
terminations were made by titration with iodine and the error
introduced in this case by other iodine absorbing substances
being the same in both titrations, we could at least find the pro-
portion of free to total sulphur dioxide with sufficient accuracy.
The four syrups analyzed gave these figures:12 3 4
Total SO2 6.5 16.0 16.8 20.3
Free SO2 1.4 4.9 5.8 6.6
^"'
t'
78.5 69.4 65.5 67.0 Average 70.1
In the sulphured juice we found 4.92 per cent of the total
sulphur dioxide to be in the combined state, in the clarified juice
36.17 per 'cent. In a syrup of 35 degrees Brix this figure is as
high as 70.1. So we may safely assume that in syrups of 70
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degrees Brix and molasses of about 80 degree there will be only
an exceedingly small percentage of free sulphurous acid left.
A method for the determination of free sulphur dioxide
applicable to these products has not yet been found. It was^
therefore, necessary to attack the problem in some other way.
We are trying to solve it by preparing artificial mixtures con-
taining in proper proportion all the ingredients of syrups and
molasses which may have an influence on the ratio of free to total
sulphur dioxide.
In some preliminary experiments the influence on this ratio
of concentration, of the quantity of free organic acids and of
the amount of total sulphur dioxide was studied.
Three solutions were prepared containing in a total of 20O
g : 30, 60 and 90 g of dextrose respectively, and each 1 g of suc-
cinic acid and 5 cc of a solution of sodium bisulphite (2:100).
The ratio of free to total sulphur dioxide was found to be 61 :100-
in the first, 36 :100 in the second and 30 :100 in the third. This
shows that, other conditions being equal, the ratio of free to
total sulphur dioxide decreases with an increase in the concen-
tration of the dextrose. In other words, the more glucose a
product contains the less free sulphur dioxide will be found
in it, the qnlmtity of total sulphur dioxide being equal in all
cases.
*.
'
In a^second set of experiments the quantity of free organio
acid was varied, dextrose and total sulphur dioxide being con-
stant. Three solutions were again made, containing in 200
30 g each of dextrose and 5 cc of an eight per cent solution of
sodium bisulphite, and 1, 2 and 3 grams of succinic acid re-
spectively. In these experiments the ratio of free to total sul-
phur dioxide was found to be 'constant, and the percentage of
free organic acid does not seem to play any important part^
as long as the solutions are not heated.
The third series of experiments was carried out to determine
the influence of the total sulphur dioxide, other conditions beings
constant. In each experiment 30 g of glucose and one gram of
succinic were used and 1, 2, 4 and 6 cc of a solution of sodium
bisulphite added. The total weight of each solution was again
200 g. The results are as follows:
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Total Free Ratio in
SO2. SO2. per 'cent.
Solution witli 1 cc sulphite solution 3.3 2.0 60.6
Solution with 2 cc sulphite solution. . . . 6.4 3.6 56.2
Solution with 4 cc sulphite solution 12.5 6.1 48.8
Solution with 6 cc sulphite solution 18.6 8.7 41.4
There is a slight tendency of the ratio to decrease with an in-
crease in total dioxide. In other words : The higher the quan-
tity of total sulphur dioxide, the lower is that of free sulphur
dioxide in proportion to the total.
The studies on these points are being continued at the pres-
ent time. We have taken up the influence of temperature, and
have made some artificial mixtures which in their composition
very nearly represent commercial syrups and molasses, but which
do not contain that dark coloring matter of ordinary sugar house
products.
We have been able to demonstrate that the glucose is not
the only substance which has an effect on the percentage of com-
bined sulphur dioxide, but that other constituents have a greater
influence on it than glucose. The exact nature of these has not
yet been determined, but it seems that they belong either to
the proteids or pectinous bodies. When this has been ascer-
tained, we shall make artificial syrups and molasses Without color-
ing matter and test them for total and free sulphur dioxide.
From the figures given for the ratio of combihed sulphur
dioxide to total sulphur dioxide in sulphured juice (4.92 per
cent), clarified juice (36.17 per cent), and syrup of 35 degrees
Brix (7C.1 per cent), and from what has just been said of this
ratio for varying quantities of total sulphur dioxide, we may
expect that our concentrated products will contain at least
80-90 per cent in the -combined form.
The ratio of oxidation of the sulphur dioxide in com-
mercial syrups and molasses is also being studied. In this case
we could determine only the total sulphur dioxide. It diminishes
very slowly, and it does not make much difference whether the
products are stored in open containers or in cork stoppered bot-
tles. Cork apparently is sufficiently porous to admit the small
quantity of air necessary for the slow oxidation, and we may
assume that the same is true for wooden barrels. However, the
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temperature seems to play an important part in this oxidation
process. While it goes on only slowly in winter time, and in a
cold room, it proceeds rather rapidly in the hot room and in
summer time. The following figures will illustrate our findings
:
MASSECUITE KEPT IN HOT ROOM.
S02%
On day of making 0.1296
After one week 0.0712
After two weeks 0.0654
'After three weeks 0.0588
After four weeks 0.0496
MOLASSES KEPT IN LABORATORY STOREROOM.
Date. I. II III. IV. y. VL
Nov. 23, 1906. 0.0322 0.1296 0.0946 0.0040 0.1132
Dec. 10, 1906 0.0554
Dee. 22, 1906. 0.0240 0.1230 0.0814 0.0034 0.1028
Jan. 22, 1907. 0.0200 0.1198 0.0792 0.0044 0.0982 0.0548
A.pril 29, 1907. 0.0034 0.0802 0.0488 0.0340
July 29, 1907 0.0178 0.0114 0.0232
YII viii
Date. Open. Closed. Open. Closed.
Dec. 1, 1906 0.0794 0.0794
Dec. 10, 1906 0.0508 0.0508
Jan. 6, 1907 0.0490 0.0490
Jan. 22, 1907 0.0596 0.0572 0.0520 0.0532
April 29, 1907 0.0326 0.0336 0.0312 0.0310
July 29, 1907 0.0198 0.0264
II. SPECIAL CASES.
i. VACUUM HOUSES—RESULTS OF TEN EXPERI-
MENTAL RUNS.
A number of experimental runs were made in the sugar
house during the seasons 1906-07 and 1907-08 with the object
of finding out how much of the sulphur dioxide added to the
raw juice is eliminated in one and the same run by the different
operations carried on in the process of manufacture.
In six of these runs the juice was sulphured until its acidity,
determined in 10 cc of juice, was equivalent to 5 cc decinormal
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solution. The average quantity of sulphur dioxide thus passed
into the raw juice, was 0.1091 per cent. In five out of these
runs the acidity was brought back with lime to 0.2 cc decinormal,
that is, to nearly neutrality ; in the sixth less lime was employed,
and the acidity of the limed juice left at 0.8 ec decinormal.
In one run we sulphured with only 0.0488 per cent of sul-
phur dioxide, and in another (VIII) with still less, 0.0382
per V3ent.
Two further runs (IX and X) were made with lime alone,
using no sulphur at all.
Total sulphur dioxide as well as total sulphur was deter-
mined in the products of the different runs. By total sulphur
is meant the sum of all sulphur containing substances like sul-
phates, proteid bodies and certain amido acids, all expressed as
elementary sulphur.
All figures for total sulphur dioxide are also expressed as
elementary sulphur to be comparable with those for total
sulphur.
The determinations of total sulphur dioxide were made by
the method described on page 29.
Total sulphur was, in the products of the first run, deter-
mined after incineration. However, this method was found to
be inaccurate, because a part of the organic sulphur volatilizes
during the incineration, and some of the sulphate is invariably
reduced to sulphide, by the action of the carbon. For this reason
all of the other sulphur determinations were made in the fol-
lowing way. A suitable amount of the product was heated
with nitric acid in a Kjeldahl flask, after the addition of some
potassium nitrate. When the liquid was evaporated to about
20 cc, a new portion of nitric acid was added, and this process
rf^peated, until no more red fumes were given off. As a rule
three digestions were found to be sufficient. The contents of the
flask were then poured into a porcelain dish, evaporated to dry-
ness on a water bath, and the dry residue heated over a naked
flame, until it was completely ashed. The resulting ash was
then treated with hydrochloric a«id on a water bath and the
silica rendered insoluble by baking at 130 degrees. The sul-
phuric acid was then determined in the usual way. Some of the
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organic sulphur may efecape oxidation in this method, but the
results obtained by it are at least comparable.
The results of our experiments are found in the tables,
page 53 to page 55. The first column gives the name of the
different products, the second their respective weights, column
three the actual percentage of total sulphur, column four the
same calculated for equal concentrations. In the next column
the quantity of total sulphur in raw juice is called 100, and the
other figures in this column give the quantities of total sulphur
for equal concentration on the basis of 100. Column six con-
tains the percentages of total sulphur dioxide, column seven the
same for equal concentrations, and eight the same calculated on
the basis of 100 in sulphured juice. The following column nine
gives the ratio of total sulphur dioxide to total sulphur in a
certain product, multiplied by 100.
The six tables on page 53 to page 55 give the results of
one to six, where the juice was sulphured to 5 cc acidity, and
then limed to 0.2 in run 1-5, and to 0.8 in run 6.
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The tables show that the absolute percentage of sulphur
dioxide in our final products is of about the same order as
that in the sulphured juice, sometimes higher, sometimes lower.
It is very important to note that the quantity of sulphur dioxide
in the first and second molasses manufactured by our best and
most effective process is in each and every case higher than Food
Inspection Decision No. 76 permits. We find 0.0794, 0.1048
and 0.1556 per cent SO2 in first molasses, and 0.0554, 0.0681 and
0.1169 per cent SO2 in second molasses.
The absolute figures for sulphur dioxide in the different
products do not give us any direct information about the quan-
tity of sulphur dioxide eliminated by the operations of the manu-
facturing process. It is necessary to reduce them to a uniform
basis in order to make them comparable. If we take this into
consideration and calculate the amount of sulphur dioxide for
equal concentrations, calling the absolute quantity in the sul-
phured juice 100, we find the actual rate at which the sulphur
dioxide is gradually eliminated or reduced. By comparing the
values found in this way for the first five runs which were
made in the same way, we observe a very close agreement be-
tween the figures of the different runs. This can be easily
seen from the following table containing the figures of column 8
0
No.
of
Run
Sulph.
Juice
<4
Clarified Juice
Syrup
I.
Massecuite
I.
Molasses
II.
Massecuite
II.
Molasses.
1 100 28.94 14.67 9.16
2 100 17.24 10.86 8.77 7.16 2.21
3 100 32.90 17.12 10.27 8.24
4 100 29.42 20.05 10.96 7.51 2.6^
5 100 37.90 17.93
Av. 100 32.29 18.08 11.69 8.72 7.63 2.45
This table shows how quickly the sulphur dioxide is reduced
during the manufacturing process, so that the first molasses con-
tains only 8.72 per cent and the second only 2.45 per cent of
that originally added to the raw juice.
The considerations leading us to the calculation of sulphur
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dioxide for equal concentration also hold true in the case of the
total sulphur. The table below gives the figures calculated ac-
cordingly for total sulphur, in the same five runs, calling
that in the raw juice 100.
Juice
m
Run
<v
o
"3
ecuit
sses
secui
susses
1-5
si
<v <u
«d o a m oo
6
a
"3
lari Jui s-<
>>
o
!zi m o m
1 100 177.87 114.32 149.07 140.70
2 100 273.13 145.43 138.45 131.19 97.84 116.32 89.36
3 100 266.81 178.62 132.45 125.86 116.93
4 100 186.05 129.58 136.65 126.65 82.86 41.33
5 100 174.88 136.35 133.25
Av, 100 215.65 140.86 137.85 127.90 118.49 99.59 65.30
The equivalent quantity of total sulphur in the first mo-
lasses is not very much higher than that contained in the raw
cane juice in its natural state, and that in the second molasses
i-: considerably lower.
The sulphur dioxide diminishes more rapidly than the total
sulphur. This is probably due to the precipitation of calcium
sulphite as such during evaporation. The following table gives
the ratio of sulphur dioxide to total sulphur in the five runs,
illustrating these conditions:
Juice
13
secuite
m 5secuit(
asses
No.
Of
Sulph,
Clarifl(
Juice
Syrup
I.
Mass
I.
Mola
II.
Mas
II.
Mol
1 72.64 32.60 14.08 8.39
2 58.22 19.81 13.17 14.26 10.61 3.94
3 54.42 26.81 18.79 11.87 10.24
4 46.05 19.46 12.63 7.41 7.76 5.60
5 43.92 21.35 10.34
Av. 55.05 25.05 15.39 11.63 10.96 9.18 4.77
SUGARS.
Three first and two second sugars were analyzed for total
sulphur and sulphur dioxide, and we found these figures
:
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Total Sulphur
Sulphur Dioxide
S SO2
I. Sugar 0.0120
L Sugar 0.2258 0.0218
I. Sugar 0.2264 0.0230
II. Sugar 0.5395 0.0176
II. Sugar 0.4267 0.0390
Only one second sugar contained more than 0.035 per cent
of sulphur dioxide. But these sugars are usually not con-
sumed as such and there need not be any apprehension about
the high quantity of sulphur dioxide in them.
EUN VI. RAW JUICE SULPHURED TO 5 CC ACIDITY,
LIMED TO 0.8 CC^ACIDITY.
This run very clearly shows the effect of the use of a smaller
quantity of lime in clarification than is required to neutralize
the acidity of the sulphured juice. It has been shown on page
38 that in this case the clarified juice contains a larger amount
of sulphur dioxide than under normal conditions. This high
percentage of sulphur dioxide in the clarified juice is naturally
followed by a higher quantity of this substance in the other
products of such a run, as wdll be seen from the following table,
which requires no further comment:
TOTAL SULPHUR DIOXIDE.
x c/5 :3
aj 0) X -« a> -J
iS I s 2 ^ ^
Runs 1-5
Run 6..
100 32.29 18.08 11.69 8.72 7.63 2.45
100 43.87 23.94 .... 12.34 8.01
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RUNS VII AND VIII. SMALLER QUANTITIES OF SUL-
PHUR USED IN SULPHURING THE JUICE THAN IN
RUNS 1-6, AND LIMED BACK TO 0.2 ACIDITY.
These runs were conducted to find out whether the use
of a smaller quantity of sulphur in sulphitation is followed by a
reduction of sulphur dioxide in the after products. This point
has been thoroughly studied, as far as clarification is concerned,
and we have seen (page 38) that, if the sulphur dioxide added to
the raw juice be limited, the clarified juice does not necessarily
contain less sulphur dioxide. It was found that this takes place
only when less than 0.06-0.07 per cent of sulphur dioxide is
employed, and it was remarked there that this figure must vary
somewhat with the composition of the juice.
Runs VII and VIII have confirmed those results, and have
further shown that even with the use of only 0.049 per cent
the indicated limit may be exceeded. This latter quantity of
sulphur dioxide was employed in Run VII. In the next run
the sulphur dioxide was reduced to 0.038 per cent. The results
are seen from the two following tables which are arranged in the
same way as those for runs 1-6. Unfortunately run 8 could
not be finished because the vacuum pan which we intended to
use for this work was out of order and «ould not be repaired
quickly enough.
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For a better comparison of the results the table below was
compiled which is based on the figures in column 8 of the two
tables on page 60 and the corresponding ones in runs 1-5. The
quantity of sulphur dioxide used in runs 1-5 is called 100, and all
the values are calculated on this basis.
a
.2
o i s
1-5 100.00 32^29 IS^OS 1L69 8/72 7.63 2.45
7 46.08 30.78 20.09 13.10 10.73 9.90 5.86
8 36.07 20.52 6.29
The equivalent quantities of sulphur dioxide in the products
of run 7 are about the same as in runs 1-5, and even a little bit
higher. This difference, however, is within the limits of variation
that we find in the series of runs with the full amount of
sulphur.
But in run 8 the sulphur dioxide drops down very suddenly
in the clarified juice and even more markedly in the syrup. It
must of necessity be further reduced in the final products of a
run made in the same way, because no more sulphur dioxide is
added. The general tendency in the figures of the other runs
permits us to draw this conclusion.
These results can be seen more clearly from the diagram on
page 61, which is self-explanatory. The curve starting at the
100 point illustrates the results obtained in runs 1-5, that begin-
ning at 46 those of run 7 and the lowest one those of run 8. The
sulphur in runs 1-5 drops during the clarification down to about
the same point as in run 7. After this the two curves follow
about the same way, that of run 7 ascending above that of runs
1-5. But in run 8 where we used only 0.0382 per cent of sulphur
dioxide the 'curve descends from the very start and falls very
quickly.
This shows conclusively that only a very material reduction
in the quantity of sulphur used in sulphitation results in a re-
duction of sulphur dioxide in the after products.
The quantities of total sulphur for equal concentration are
very nearly constant in all runs, at least dO not vary long
enough to be of any consequence.
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For this reason the ratio of sulphur dioxide to total sulphur
ife about the same in runs 1-5 and 7, but decreases very markedly
in run 8, as will be seen from the following table
:
d
.Si
K, •«
sl s i I i p
I
6 9 • ^ ^ S
c« o M ij
1-5 55.05 25.05 15.39 11.63 10.96 9.18 4.77
7 31.06 23.26 14.88 11.13 10.35 9.78 11.56
8 22.42 13.67 4.72
The absolute quantity of sulphur dioxide in the first and
second molasses of run 7 is appreciably higher than in runs 1-5,
and this is due to the fact that it is a little higher in the 'clarified
juice and is therefore proportionately higher in the final
products.
SUGARS.
The two sugars made in run 7 were tested for total sulphur
and sulphur dioxide. The first sugar contained 0.0843 and
0.0148 per cent, and the second 0.4862 and 0.0372 per cent re-
spectively, about the same as we found in sugars made with
the full amount of sulphur, except total sulphur in the first
sugar.
EUNS 9 AND 10, ONLY LIME USED IN CLARIFICATION.
In the products of these runs only total sulphur was to be
determined. The results are given in the table below:
RUN 9 RUN 10
i i 1 r
1° so S° 9 =Product
Om ^'^
IS 11 IS ii
Raw juice. 0.04355 0.04355 100.00 0.06187 0.06187 100.00
Clar. juice.0.04270 0.04270 98.05 0.05812 0.05812 93.94
Syrup ... 0.1428 0.04657 106.93 0.1842 0.5877 94.99
I. M. C . . .
.
0.2666 0.04399 101.01
I. Mol 0.2137 0.01638 37.61
The results show that lime removes only very little total
sulphur in clarification. The syrup, according to the analyses,
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has more total sulphur than an equivalent quantity of the clari-
fied juice. This is most probably due to the fact that the juice,
being low in sulphates, dissolved some of the scale in the effects,
aided by mechanical action during boiling. The same phe-
nomenon was observed in runs 1 and 4. In one of these the
total sulphur in the clarified juice was also low. But the abso-
lute amount of total sulphur in the syrup is naturally lower
than in those runs where sulphur was used in clarification and
this difference becomes still more marked in the final products.
The percentage of total sulphur in the only sugar made, first
sugar in run 9, is also lower than in the first sugars made by
the sulphitation procpss (0.0659 per cent).
The yields as obtained by the different processes were also
determined, but they are not comparable. We did not use the
same kind of cane for all of the runs and the yields depend
on so many other circumstances that no conclusions could be
drawn from the figures. However, all this was no more neces-
sary, after Dr. Stubbs and his collaborators had very thoroughly
studied the different methods of clarification from exactly this
standpoint for a number of years. We did know, as has been
shown in the introduction to this bulletin, that the sulphitation
process is the best method for Louisiana conditions, and that we
have to sulphur highly to obtain the best results.
OPEN KETTLE HOUSES.
We have seen in the foregoing chapter that when we use
sulphitation which has been found to be the most ideal process
of clarification for Louisiana cane juice, the greater portion of
the sulphur dioxide added to the raw juice is eliminated during
the pro'cess of manufacture and only very little of it is left in
the sugars and molasses. However, the absolute percentage
of it in molasses is far in excess of the limit set by Food Inspec-
tion Decision No. 76.
All these products were made by the vacuum process by
which the greater portion of the sugars and molasses are manu-
factured in Louisiana. But a number of houses use the old
open kettle process. In these factories the boiling of the juice
to syrup and to grain is not effected under a partial vacuum,
but in open vessels. While in the former process the air is
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rarified, in the second it has free access to the products. For
this reason oxidation takes place very rapidly in the latter, and
the sulphur dioxide is quickly reduced by being converted into
sulphuric acid or sulphate.
At the Sugar Experiment Station we use the vacuum pro-
cess exclusively and are not well equipped for experiments with
the open kettle process on a reasonable scale. But a study of the'
sulphitation process as practiced in open kettle houses has been
taken up by the United States Department of Agriculture, being
carried out by Dr. H. W. Wiley and Mr. A. H. Bryan at the'
Evergreen Plantation of Messrs. Holloway and Holloway. The
results of these experiments have not yet been published, but
samples of the molasses and sugars made were received and an-
alyzed at the Sugar Experiment Station.
Three runs were made in the experiment at Evergreen
Plantation ; one with a certain quantity of sulphur, one with
about half of that amount, and one without sulphur. The mo-
lasses from the first run tested 0.0272 per cent of SO., and that
from the second 0.0049 per cent. These figures show in the
first place that the quantity of sulphur dioxide added to the raw
juice in the second run, was less than the limit found by our ex-
periments (0.06 per cent, see page 40). Otherwise the quan-
tity of sulphur dioxide would be found to be about equal to
that in the first run, provided that both molasses were made un-
der the same conditions.
Even the molasses made with the larger quantity of sul-
phur contains considerably less SOo than the maximum amount
permitted by Food Inspection Decision No. 76. This is easily
explained by the fact stated above that in this pro'eess oxida-
tion of the sulphur dioxide can take place very freely, the air
not being excluded. Two other open kettle molasses, analyzed
at the station, corroborated this result. They contained 0.0266
and 0.0330 per cent of sulphur dioxide.
SYRUP HOUSES.
The precess used in these sugar houses which manufac-
ture only syrup, is somewhat similar to that employed in open
kettle houses. The juice is boiled in open pans and is there-
fore always exposed to the action of the atmospheric oxygen.
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From this we should expect a small percentage of sulphur dioxide
in the finished syrup. ' But another factor has to be considered.
While the sugar manufacturer tries to turn out all of the sucrose
contained in the cane as sugar crystals, the syrup maker wants
to make a semi-liquid product which must be free of crystals.
To attain this end, he tries to invert a large enough quantity of
sucrose to prevent any crystallization in the finished syrup. For
this reason juices intended for syrup making are always carried
highly acid, around about 2 cc n/10 acidity. We know from our
considerations on clarification that in this case a very large
percentage of sulphur dioxide remains in solution, and the
finished product will be accordingly high in sulphur dioxide. A
large variation of sulphur dioxide in the clarified juice may be
expected depending on the quantities of sulphur and lime used
in clarification, and we 'can foresee a corresponding range in the
quantity of sulphur dioxide in the syrup.
Syrups analyzed at the station laboratory have given the
i jllowing figures : 0.0162, 0.0196, 0.0292, 0.0332, 0.0340, 0.0350,
0.0357, 0.0431, 0.0684, 0.1157, 0.1520 per cent of sulphur dioxide.
Most of these figures are below or near the limit of 0.035 per cent.
But three of them are far above the limit. It is not impossible
that the two samples with 0.1157 and 0.1520 per cent received a
second treatment with sulphur fumes at some stage after
clarification.
DISCUSSION OF THE RESULTS AND CONCLUSIONS.
We have seen in the preceding chapters that it is mainly
the vacuum houses and perhaps some syrup manufacturers that
would be affected by a definite enforcement of Food Inspection
Decision No. 76. But they constitute by far the greater part of
the sugar interests of this State. The sugar manufacturers
working with modern effects and vacuum pans may use less sul-
phur than open kettle houses, and their products will still con-
tain a quantity of sulphur dioxide far above the limit of 0.035
per cent. They may even cut down the sulphur used in clarifica-
tion without reducing it in their molasses. And if they were to
use so little sulphur that the molasses contains less than 0.035
per cent, a large part of the impurities whi'ch we can at pres-
mt remove from the cane juice, would remain in it and render
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our final products, sugar as well as molasses, less pure. This
can not possibly be tbe object of a Pure Food Law. It has to be
proven yet that syrups or molasses containing quantities of 0.2
per cent of sulphur dioxide, about the highest that may be
found in Louisiana products, are actually poisonous, or injuri-
ous to health. No indications of this character have, to our
knowledge, ever been obtained anywhere, and it is unfair to
discredit an article without having definitely proven its harm-
ful character. The results of physiological experiments with
sulphur dioxide, sulphites or even with salts of oxysulphonic
acids, cannot be directly applied to food products, as Kerp has
definitely shown. He makes the following statement, on the
ground of a large series of experiments.^ "The effect of sul-
phur dioxide depends on the nature of the foodstuff, and even
more than that, it is influenced by the conditions under which
it is taken.'' For this reason there is only one way of finding
out whether sulphur dioxide, when taken with syrups or mo-
lasses, is harmful. This is to experiment with the produvjts
themselves. Investigations of this character have been carried
out by the Sugar Experiment Station and the Louisiana State
Board of Health, and the results have already been discussed
on page 21. They have not disclosed any harmful effect on the
human system brought about by using Louisiana syrups and
molasses.
Our chemical investigations on the question offer an ex-
planation for these results. Host and Frantz have proven (see
page 21) that the poisonous effect of a certain combination con-
taining sulphur dioxide in some form can be predicted by the
quantity of free sulphur dioxide liberated by it under the circum-
stances, and that this free sulphur dioxide can be determined by
the iodine absorption. We have shown by our studies that even
our factory syrups contain only a very small quantity of free
sulphur dioxdic and it is more than probable that the final
molasses will contain only traces of it. The experiments now in
progress on this question, will undoubtedly give us additional
evidence on this point and enable us to explain why sulphur
dioxide drunk with water, or sulphite taken in capsules, as ad-
ministered by Dr. Wiley, will produce harmful effects, and why,
on the other hand, symps and molasses, made by the sulphita-
2 Chem. Ztg. 31, 1062.
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tion process are perfectly harmless, besides being purer than
products made without sulphur.
CLARIFICATION WITH HYDROSULPHITES.
The first discovery-^ of the formation of a new acid by the
action of zinc or iron on sulphurous acid was made by Berthol-
let about one hundred years ago, but it was not until 1854 that
Schoenbein observed the important fact that these solutions in-
stantaneously and completely decolorize indigo solution. Sul-
phurous acid itself acts much more slowly than after having
been treated with zinc. Schutzenberger took up the study of
the new acid and came to the conclusion that the following re-
action takes place:
3 Na H SO3 + Zn = Na 11 SO^ + Zn SO3 + Na^ SO3 + H^O.
He called the acid H2 SO2 hydrosulphurous acid, and its salts
hydrosulphites. The formula HoSOg was generally accepted; but
Bernthsen showed in 1882 that the above equation is not correct,
that it must be replaced by the following:
4 Na HSO3 + Zn = Na^ Sn^ 0^ + Na^ SO3 + Zn SO3 + 2H,0
and that the reaction between Zn and SO^ is as follows
:
Zn + 2SO2 = Zn S2O4.
Moissan made the sodium salt by the action of sulphur diox-
ide on alkali hydrides:
2Na H + 2SO3 = Na^ S^O, -f H^.
and Nabl, by treating zinc dust, suspended in absolute alcohol,
with sulphur dioxide, obtained the salt Zn S2O4.
It was again Bernthsen, who succeeded in preparing the
crystallized sodium salt in such a state of purity that an analy-
sis 'could be made. It was proven that the ratio of sodium to
sulphur was 1 :1, not 2 :1, as assumed by Schutzenberger. The
formula Na^ S0O4 2H2O was thus established for the sodium
salt.
Solutions of hydrosulphites are very unstable, and even the
solid salt just mentioned had to be kept under alcohol to avoid
decomposition.
Finally the Badische Anilin und Soda Fabrik in Ludwig-
shafen, where Bernthsen is one of the directors, could patent a
preparation with excellent keeping qualities. It had been ob-
/ See Stie^elmann Z. Ver Zuckerind, 50, 1009.
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served that by dehydrating the hydrated sodium salt a perfectly
stable product could be obtained. This is done by digesting the
hydrated salt with a hot, strong solution of sodium hydroxide.
The latest process giving more satisfactory results is to crystal-
lize the product from alcohol of a certain strength at a 'certain
temperature. The preparation made by this method is called
Blankit and has taken the place of earlier preparations which
were sold under the trade names of Hydrosulphite BASF,
Hydrosulphite NF and zinc sodium hydrosulphite. Another sub-
stance is sold in France under the name of Redo; it is calcium
hydrosulphite in form of a paste and is not near as active or
stable as Blankit.
A new step in the chemistry of the hydrosulphites was
the observation that hydrosulphites react with aldehydes, espe-
cially formaldehyde, just like the sulphites do. A double com-
pound is formed of the formula
:
2 CH2O Na^ S2O4.
This product is known on the market as Eradite A. Its
properties are different from those of hydrosulphite itself, in sa
far as it reduces indigo solution only at high temperatures.
It was soon found that Eradite is not a uniform substance,
but that it could be split up into two components
:
2CH,0 Na^ S,0, + H3O =CH,0 SO3H Na + CH^O SO,H Na,
The second of these two products proved to have the entire
reducing power of Eradite itself; it is the active principle of
Eradite. The compound CHoO, SO3 H Na is nothing but the
sodium salt of the well-known formaldehyde sulphurous acid or
formaldehyde oxysulphonic acid, of this constitution
:
The 'compound CH.O, SO2H Na evidently is a derivative
of the hypothetical acid Ho SO2, sulphoxylic acid, and has the
probable constitution
:
-ti' '-^"-802 Na.
The salts of sulphoxylic acid itself have not been obtained,
but it is not impossible that they will be prepared some day.
The compound CHoO, SOoH Na is sold under the trade name
of Eongalite C.
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It does not act perceptibly in the cold, but must first be
split up into its components by heating when the sulphoxylic
acid develops its full effect. I
The fact that Eradite is a mixture, led some investigators
to believe that sodium-hydrosulphite itself also is a mixture of
ordinary sulphite and of sulphoxylate. But not a single fact
has been found to corroborate this assumption. It is most prob-
able that hydrosulphurous acid is an anhydride of sulphurous
and of sulphoxylic acids and has this composition
:
OSOH
SO2 H
When it is treated with formaldehyde, it is decomposed as
described above.
Blankit and Rongalite C. are perfectly stable, if kept in a
cool place and in well-stoppered containers.
Hydrosulphites are used on a commercial scale mainly in
two industries, the. dyeing and printing industry and the sug.ar
industry. During the campaign of 1885-86 solutions of hydro-
sulphites made from zinc and sulphurous acid were first used in
some beet factories in Europe, and the process was patented in
1886 by Englert and Becker of Prague. The results obtained
were good, but the cost of the process was entirely too high. Then
came the well-known Ranson patents dating back to 1896. Ac-
cording to this process the hydrosulphite was to be formed within
the liquid to be decolorized. The substance was treated with
sulphur dioxide or bisulphite, and then zinc dust or specially
prepared metallic tin was added. It was claimed that if tin
were used, all of the tin would subsequently be removed by
heating and filtration, having been precipitated as oxide or sul-
phide. Both of the processes described have, for a number of
years, been used by molasses refiners in this country.
Dr. Stubbs and Prof. Ross carried out an extensive investi-
gation on the composition and use of "Sulphine'' and
**Boxyde,'' published in Bulletin No. 11 of the Louisiana Sugar
Experiment Station, 1891. ''Sulphine" was found to be a
commercial preparation of sodium bisulphite, and ''Boxyde*'
nothing but zinc dust. Either of these two discolorized molasses
to some extent, but the mixture of the two gave the maximum
effect. The reasons for this behavior aro obvious from the fore
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going. Dr. Stubbs advised the planters of the State to make
use of those preparations and reap the profit otherwise going
to the middlemen.
Since the appearance on the market of pure preparations of
hydrosulphites all these processes have become dispensable, and
the danger of contaminating food products with poisonous sub-
stances like tin or zinc can be avoided. Numerous experiments
have in consequence been made with hydrosulphite during the
past two or three campaigns, mostly in beet sugar houses. A
few cane sugar factories have also been using it during the last
grinding season. Very recently Prinsen Geerligs^ expressed him-
self as follows on this question: **If one should intend to clarify
ynth. sulphurous acid, the purpose may be accomplished more
easily and rapidly with the use of hydrosulphites.''
The results obtained in European beet sugar factories have
been very encouraging. It was found that the bleaching power
of hydrosulphite is 20-40 times as great as that of sulphur diox-
ide. It decolorizes in alkaline as well as in acid solution, while
sulphur dioxide is effective only in an a'cid medium. Hydrosul-
phite itself having an acid reaction, diminishes the alkalinity or
increases the acidity to a slight extent, but not enough to be
of any consequence in most cases, because quantities of about
0.02 per cent are usually sufficient to bring about the desired
effect. Hydrosulphite acts mainly on certain coloring Sub-
stances which are formed during the boiling of juice and which,
on further heating, are converted into true caramel. But this
latter itself does not seem to be bleached very markedly. For
this reason some manufacturers prefer to use it at an early
stage of the process of sugar making. However, it was also
found that in some cases the bleached products darken very
rapidly upon exposure to the air, while in others the decolora-
tion is permanent. It has been impossible so far to discover
any laws governing these relations, but some manufacturers
decided to use hydrosulphite in the pan, because in this case
the products are exposed to the air only the shortest possible
time. It has further been observed that hydrosulphites tend to
reduce the viscosity of the masse cuite, and to improve quality
and quantity of the output.
1 De Fabricatie van Suiker uit Suikerriet, pa2:e 180, (1907).
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The general opinion of manufacturers is that the use of
hydrosulphite means a great saving of the expensive bone black
and a great advancement over ordinary sulphitation.
In a paper published in the Journal des Fabricants de
Sucre, February 13, 1907, the author states: "As regards the
use of hydrosulphites in sugar factories, it will be mainly the
establishments producing white granulated sugar for direct con-
sumption, where this bleaching agent ought to be of the greatest
service." And again: "It is certain that a manufacturer,
after having seen the surprising effects of hydrosulphite, will
never abandon its use."
]\tethods which enable us to manufacture sugar for direct
consumption and light colored molasses without too great an
expense, are of the greatest importance in this State, as every-
one knows. But there is still another point to be considered.
We do not know as yet whether or not the use of sulphur will
finally be restricted for products entering interstate commerct?.
If it be done, then a process, by which we can make fancy prod-
ucts without the use of sulphur, will be of extreme value. These
.considerations induced us to conduct some experiments at the
Jlxperiment Station laboratory and sugar house.
The use of hydrosulphites as a clarifying agent of 'cane
juice was first studied. The addition of only one part per
100,000 bleaches the juice completely. But the decoloration is
not permanent. After a few hours' standing on the air, the orig-
inal color is restored, and more hydrosulphite must be used to
obtain a lasting effect. The same is true when cane juice is
clarified with lime and hydrosulphite, first liming to slight acid-
ity, and then adding a small quantity of hydrosulphite. The
juice is completely bleached, but the original color comes back
during filtration. The clarification is turbid as is always the
.case, when lime alone is used. The exceedingly small amounts
hydrosulphite have no noticeable effect on this phenomenon
or on the purity of the juice. The use of larger quantities
of hydrosulphite at this stage of the process is out of the ques-
tion on account of its present price—35 cents per pound.
Sugar house experiments confirmed the results obtained iji
the laboratory.
One clarifier of about 3,000 pounds of juice was, without
previous sulphuring, limed, until a slight acdity remained, and
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one ounce of hydrosulphite was added before heating. A very
light colored juice was obtained in this way, but it was milky,
and when it was pumped over into the settling tanks, it assumed
the same color as other juices treated with lime alone. There
was no increase in purity over that obtained with lime alone.
These results showed clearly that hydrosulphite should not be
used at such stations where the products are exposed to the
air, but rather in the effects or in the pan. In one experiment
about two ounces of hydrosulphite were drawn into the effects"
with 3,000 pounds of juice, clarified with lime alone. The syrup
resulting showed no marked improvement over that obtained
without hydrosulphite.
At last the hydrosulphite was added in the pan, and these
experiments were studied a little more fully because other in-
vestigators had found before that it is most advantageously
used at that stage of the process of manufacture. The only way
in which comparable results could be obtained with the equip-
ment of our sugar house, was to start a strike without hydrosul-
phite, then make a cut and build up on the nucleus left with
syrup to which hydrosulphite had been added.
In one run a quantity of hydrosulphite was added, amount-
ing to 0.025 per cent, on the weight of the syrup. Soon after
the first portion of the hydrosulphite had entered the pan, the
color of the masse cuite turned from brown to a very light
amber color, and remained that way during the entire time of
boiling. The color darkened to some extent in the mixer and in
the centrifugal, but even then it was still very light as compared
to the portion of molasses which had not been treated with hydro-
sulphite. No inversion due to the action of hydrosulphite took
place.
A slight difference in the color of the sugars could be noticed.
That made without hydrosulphite polarized 94.1, and the other
96.5. A few centrifugal charges were washed with the same
amount of water in both cases. That made with hydrosulphite
polarizing 97.9, was just a shade lighter than the other, which
showed 97.7 per cent of sucrose. The sugar made with hydrosul-
phite appeared rather gummy as compared to the other, and this
observation does not at all agree with the results of others. It
is the unanimous opinion of all other investigators that masse-
74 Louisiana Bulletin No. 103.
cuites treated with hydrosulphites are less viscous, and one sugar
boiler in this State who tried the new preparation, remarked that
it seemed to break the gums.'' I trust that further investiga-
tions will clear up this point.
There is still another difficulty. One of our objects in
studying the use of hydrosulphites was to manufacture light-
colored products without employing sulphur fumes. If we test
products containing hydrosulphites in the same way as is done
in the determination of sulphites, we find a certain amount of
sulphur dioxide. The syrup of our run tested 0.0363 per cent
of SO2 and the molasses 0.1086 per cent.
We therefore made a second run in the same way as the
first, but used no hydrosulphite in clarification and only 0.007
per 'cent of hydrosulphite on the weight of the syrup. Now, the
molasses analyzed only 0.0100 per cent of SO2, and what is
very remarkable, the molasses was just as bright as that made
in the first run and has not darkened perceptibly during storage.
The sugar made with hydrosulphite again polarized higher. We
had intended to make a few more experimental runs with Blankit
and also with Kongalite C, but unfortunately the small vacuum
pan which we wanted to use for this purpose did not hold the
vacuum, and we had to give up our plan.
The results so far obtained are not uniform and definite
conclusions \3ann0t be drawn until more data and agreeing re-
sults can be obtained.
There can be no more objection to the use of hydrosulphites
than to the use of sulphur. We can not detect any hydrosul-
phite in the finished product, because it has been converted into
sulphite or otherwise decomposed. The quantity used is exceed-
ingly small and does not reduce the strength of the product. In
the third place, it does not conceal any inferiority, from the legal
standpoint, because color is not an appropriate means of judging
the quality and food value of a syrup or molasses.
CLARIFICATION WITH CAMORSITE.
Another preparation has recently been offered to some
planters and to the Sugar Experiment Station under the trade
name of camorsite, to be tried as a clarifying agent. It con-
sists of a heavy white powder, which is partly soluble in water.
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An analysis of the material gave these figures
:
Volatile matter 1.54 per cent
Insoluble in hydro'chl. acid 8.67 per cent
Alumina 31.32 per cent
Baryta 57.45 per cent
Undetermined 1.02 per cent
100.00 per cent
The fact that the preparation contains a large percentage
of barium whose soluble compounds are very poisonous, necessi-
tated an investigation on its use from the standpoint of the Pure
Food Law.
About 90 per cent of the substance consists of an aluminate
of barium. But the barium oxide is in excess of what the for-
mula Ba AI2O4 calls for. The ratio of aluminum to barium in
barium aluminate is 2 :1, in Camorsite it is found to be 2 :1.22.
For this reason the preparation is strongly alkaline: 1 g of it
shows an alkalinity equal to 7.25 cc of normal hydrochloric acid.
Camorsite is partly soluble in water. After boiling it
with water the insoluble part amounts to 27.5 per cent of the
original weight. The solution has a specific gravity of 1.033 at
21 degrees C. ; 100 cc of this solution contains 0.638 g of alumina
(= 0.338 g of aluminum) and 2.655 g of barium oxide (=
2.377 g of barium). The ratio of aluminum to barium is 2:2.8.
The solution in water, therefore, contains a much larger excess
of free barium oxide than the solid material and is consequently
very strongly alkaline ; 100 cc of the solution neutralizes 34.1 cc
of normal hydrochloric acid. The solution, on standing in the
air, soon becomes turbid, owing to the formation of insoluble
barium carbonate. It must therefore always be kept in well-
stoppered containers.
These analytical data proved the material to be very similar
or identical with the barium aluminate with which Zamaron and
Dupont conducted a number of experiments in France, in 1902
and 1903.^ These authors claim that the use of barium aluminate
offers the following advantages with beet .juices:
1. Increase in purity of 1.5.
2. Infcrease of the saline quotient up to 1.5.
3. Elimination of lime salts.
1 Bull. Assoc. Chim. Sncr dlst., 21, 59.
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i. Reduction of the quantity of lime needed by 50 per
cent, and possibility to do without the second carbonation.
5. Decoloration of the juices and syrups.
6. Easy filtration.
7. No incrustations in the evaporators.
A series of laboratory experiments were made at the station,
using Camorsite in addition to lime, or in combination with the
sulphitation process. Other investigators had found before, and
we could confirm this, that the solid preparation cannot be used
directly, because it dissolves only very slowly, and that a sob.i-
tion of it should always be employed.
The use of Camorsite without that of lime in the cane sugar
industry is entirely out of the question. If employed without
sulphitation we would have to introduce into the juice a quan-
tity of water amounting to 5 per cent of the total and with sul-
phitation up to 16 per cent. Besides this, the precipitate pro-
duced by it is flocculent and veiy vohnninous : after settling, it
occupies over one-half of the volrnne of the liquid. In the third
place, the cost per clarifier of 1.600 gallons would be about -^S
to $10 without, and three times as much if used with sulphita-
tion. The decoloration obtained by neutralizing the juice with
Camorsite, was good and permanent
We next made some experiments with a combination of
Inne and Camorsite. A juice which showed a purit^' of 82.26
normal, gave after clarification with lime alone S2.52. When we
used 3 cc of Camorsite solution and neutralized the remaining
acidity with lime, a purity of 82.92 was obtained. By increasing
the quantity of Camorsite solution to 10 cc. the purity could
be raised to 83.48.
Wlien Camoi-site was used in connection with sulphitation
tlie results obtained were less good. The same juice that had
been used before, was sulphured to 5 cc acidity and then treated
with lime until a very slight acidity remained. The purity of
the olarfied juice was 83.86. When 3 cc of Camorsite solution
were substituted for an equivalent quantity of lime, the purity
was found to be 83.80. The use of 10 cc of Camorsite solution
resulted in a purity of 83.76.
Even if better results than these could be procured witli
the use of Camorsite. it could not be recommended for two rea-
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sons. The cost per clarifier of 1,600 gallons would, according
to Mr. Camors' statement, amount to $1.50, which is entirely
too high.
The second reason, however, is a much stronger one, and has
always prevented the use of' compounds of barium which have
often been proposed to be used in the sugar industry. While
barium salts can be entirely removed by proper processes—we
could not detect even a trace of it in the ash of our juices treated
with Camorsite—there exists a great danger of the products
being contaminated with them through improper use by inexperi-
enced workmen. This consideration alone should prevent the
use of barium compounds in the manufacture of articles of
food, especially in such cases where other processes are avail-
able giving equally good results.
TIN AND ZINC IN SUGAR PRODUCTS.
THE OCCURRENCE OF HEAVY METALS IN LOUISIANA
SOILS AND CANE.
Salts of tin and zinc were by the Department of Agricul-
ture named among the deleterious substances which were being
used by the Louisiana sugar planters. There is no doubt that
such compounds are harmful and that their use should be re-
stricted as much as possible.
The way in which zinc or its compounds are employed has
already been fully discussed in the chapter on hydrosulphites.
Tin is usually used in the form of ''tin crystals" or "rock
compound." Both of these are commercial brands of proto-
fchloride of tin. A solution of these in water is applied as a
wash in the centrifugals to brighten the sugar, Protochloride of
tin is a very strong reducing agent and acts very much like
hydrosulphite.
Th. A. Havemeyer^ claimed in 1879 to have been the orig-
inator of this method of decolorizing sugar solutions and stated
that he discontinued its use in 1869, but that, to his knowledge,
it was largely used in Louisiana. The same subject aroused very
^reat interest in London, two years later, and a meetin<i of the
"West India Committee was called where the use of stannous
chloride was strongly condemned.
1 Su.2rar Cane, XI, 30.
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In 1904, Pitsch^ tested several sugars from Demerara for
tin, and found 0.0014-0.042 per cent tin (calculated as chloride).
Last year a large number of Louisiana syrups and molasses
were analyzed for tin and zinc at the station, and in none of
them could we detect either of these two metals. It was found
that the method which is usually employed for the detection of
heavy metals in foodstuffs, was not directly applicable to the
analysis of syrups and molasses. Attention was called to this
point at a meeting of the Louisiana Section of the American
Chemical Society, January, 1907, and a committee was appointed
to investigate into this matter, consisting of Prof. L. W. Wilkin-
son, chairman; C. W. Harrison and the writer. Two months
later this committee submitted the following report:
"Analyses made by Munson's method,^ gave the most dis-
crepant results tending towards too high figures for both tin and
zinc in almost every case. This shows in the first place that
there is no danger of the volatilization of tin, as has been
feared. This volatilization seems to be prevented by the action
of either the sulphuric acid or by some constituents of molasses.
However, both tin and zinc were in every case found to be con-
taminated with foreign substances. The separation of copper
and tin is, in Munson's method, effected by extracting the mix-
ture of the sulphides with hot ammonium sulphide on the filter.
Now, it is a well-known fa'ct that this latter reagent dissolves
appreciable quantities of copper sulphide, which, on acidifying,
is reprecipitated with the tin.
*'The difficulties are still greater in the case of zinc. Before
precipitating this substance with hydrogen sulphide, all of the
phosphoric acid is removed, together with small quantities
of iron and aluminum, by adding an excess of ferric chloride
solution, and precipitating by boiling with ammonium acetate.
It was found in every instance that after this procedure, the
zinc never was thrown down as a white precipitate, but had a
gray, brownish or even black color, if very small quantities of
zinc were present.
**0n examining this precipitate it was found that besides
zinc, it contained iron, cobalt and some times even copper.
2 Z. Ver Zuckerind, 54, 353.
1 Bull. 65, Dept. Agriculture, Div. of Chemistry, page 53.
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'The oobalt comes from the iron chloride used for preci-
pitating phosphoric acid. One member of the committee ex-
amined the so-called 'pure' iron chloride, and found an ap-
preciable amount of cobalt. This explains the fact that a sec-
ond treatment with iron chloride and ammonium acetate, as
suggested by Munson, does not remedy the difficulty.
**The question arose now: How can these difficulties be
avoided and how can the method be simplified, if possible?
"It was found, that the incineranon of Jie molasses can be
very easily and rapidly effected in the following way: 50 g of
molasses are mixed in a 5-inch porcelain dish, with 15 cc of con-
centrated sulphuric acid, and stirred. In less than one minute
the whole mass carbonizes without excessive frothing. Now 5 cc
of concentrated sulphuric acid are added and thoroughly mixed
with the char. The dish is then placed on a sand bath or an
asbestos plate, and heated to a moderate heat. The temperature
is gradually raised and the dish heated at last over a naked flame.
In this way the incineration can be effected in 2-3 hours.
"In order to improve the separation of tin and copper,
sodium sulphide was substituted for jjmmonium sulphide. But
it was found that even then some copper sulphide was dissolved.
However, this could be removed by heating the tin oxide after
igniting with 35 per cent nitric acid, diluting with water, filter-
ing, returning the filter to the original crucible and igniting
again. In this way 8.9 and 9.3 milligrams of tin oxide were
found, where 9.3 had been added.
"The zinc, on the other hand, had to be freed from iron,
cobalt and copper. The oxide which was first obtained by Mun-
son 's method and weighed, in two experiments, 15 and 12 milli-
grams, was dissolved in hydrochloric acid, and th,is solution
poured into an excess of sodium hydroxide, containing hydrogen
peroxide. After heating on a water bath for 15 minutes and
filtering, the solution was acidified with acetic acid, boiled, and
hydrogen sulphide passed through the liquid. The precipitate
was ignited again and weighed. 11.1 and 9.2 milligrams were
found instead of 9.1."
The figures agree much better with the actual amount of tin
and zinc than those obtained by the original method, and it is
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recommended to purify the first precipitate in the described
manner.
It has already been stated that we could not find any tin or
zinc in any of the commercial samples examined. But even if
small amounts of these metals should once be found, it would
not be a sufficient proof that they have been wilfully added.
Kramer^ found copper-oxide in cane ash, and appreciable quan-
tities of this substance are found in Louisiana syrups and mo-
lasses. A part of this probably originates from the copper coils
or copper defecators.
Mr. J. A. Hall, Jr., studied this point a little more fully
by testing soil, cane and cane juice for the presence of heavy
and other metals, and his report reads as follows:
"Thirty liters of D. 74 juice of 15 degrees Brix were fer-
mented, distilled and the residue ashed. One hundred grams
of this ash were taken and examined for heavy metals. Four-
teen milligrams (0.0140 gr.) of tin oxide and forty-one milli-
grams (.0410 gr.) of CU2S were found.
'
' Two hundred and fifty grams of soil, taken from plats SB
arid 7D, were digeste,d at the temperature of boiling water with
600 cc H CL (Sp. gr. 1.115) for 24 hours. The solution gave
a precipitate with H,S of 10 milligrams (.0100 gr.) in which
precipitate both Sn and Cu were identified, but not separated
quantatively.
"Both tin and copper were found in the ash from the entire
cane, but were not determined quantatively.
"It was also attempted to discover zinc in the above, but
the results were negative, as were those for titanium, barium
and strontium."
While zinc could not be found in the soil and cane of the
Experiment Station, it may occur in other localities where cane
is planted. According to Risse^ it seems to be a constituent of
all plants grown on a soil which contains zinc.
It will therefore be necessary to be very careful in inter-
preting the results of analyses of syrups and molasses which
gave positive results as regards the occurrence of metals like
^copper, tin or zinc.
/ Proefstation Oost-Java. No. 49, 42.
2 Sachs, Experimental Physiologie, 153.
EIRRATA.
Page 12, line 2, from top, read " up " instead " of
.
"
I>dge 23, line 18, from bottom, "involved" instead of "in-
volxed.
"
Page 24, line 11, from top, read "hydrogen" instead of "hydro-
gene.
'
'
Page 31, line 6, from top, strike out "33 and."
Page 34, line 18, from bottom, read "36 and 37," instead of "35
and 36."
Page 46, line 9, from bottom, insert "50-63" after "pages."
Page 48, line 2, from top, read "degrees" instead of "degree."
Page 52, line 3, from bottom, insert "runs" after "results of."
Page 62, line 2, from bottom, strike out "long."
Page 68, line 18, from top, read "Na2 S2 0^" instead of "Na.,
Sn, 0,."
Page 68, line 9, from bottom, insert "in the neutral salt" after
'
' sulphur. '
'
Page 70, line 3, from bottom, read "decolorized" instead of
'
' discolorized. '
'
Page 76, line 14, from bottom, insert "per liter" after "solu-
tion."

